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EDITORIAL. 

In  accordance  with  our  usual  custom,  we  take  this  opportunity  to 
review  progress  in  illuminating  engineering  during  the  past  year.  It  need 
scarcely  be  said  that  the  war,  which  is  imposing  such  sacrifices  on  all  sections 
of  the  community,  has  inevitably  restricted  the  efforts  of  scientific  workers 
in  many  directions.  This  time  last  year,  when  we  reviewed  progress  in 
1914,  the  country  had  only  experienced  a  few  months  of  war  ;  now,  a  year 
later,  we  survey  a  conflict  which  has  already  lasted  for  nearly  sixteen  months, 
and  the  duration  of  which  is  still  uncertain. 

War  conditions  have  reacted  on  the  lighting  industry  in  many  ways. 
There  has  of  course  been  an  imparalelled  demand  for  certain  types  of  lamps 
and  appliances  required  for  Government  and  military  or  naval  work.  The 
restrictions  of  public  lighting  have  been  gradually  extended  and  made  more 
strict  during  the  past  year,  and  the  memory  of  this  dark  period  will  certainly 
sink  deep  into  the  public  mind.  In  the  daily  press  references  to  the  results 
of  this  diminished  street-lighting  are  of  almost  daily  occurrence,  and,  as 
we  feared  from  the  beginning,  the  number  of  accidents,  directly  or  indirectly 
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due  to  the  darkness,  must  by  now  have  reached  a  considerable  figure.  Let 
us  hope  at  least  that  the  lesson  will  not  be  overlooked  after  the  war,  that 
the  authorities,  through  the  exceptional  experience  now  gained,  will  come 
to  recognise  the  close  connection  between  adequate  illumination  and  pubhc 
safety,  and  that  in  the  future  the  lighting  of  the  streets  will  be  carried  out 
in  a  more  scientific  manner. 

An  event  of  great  importance  to  the  lighting  industry — the  issue  of 
the  First  Report  of  the  Departmental  (Home  Office)  Committee  on  Lighting 
in  Factories  and  \\'orkshops — has  recently  been  full}^  dealt  with  in  this 
journal.  The  appearance  of  the  Report,  which  is  very  opportune  at  the 
present  moment  when  the  factories  of  the  nation  are  all  working  at  high 
pressure,  should  do  much  to  bring  home  to  manufacturers  the  need  for  good 
industrial  lighting  in  the  interests  of  safety,  hygiene,  and  economy.  In 
this  field  there  is  ample  scope,  even  in  war  time,  for  the  services  of  illumina- 
ting engineers.  The  three  volumes  issued  mark  a  complete  departure,  and 
should  be  of  great  assistance  to  engineers  concerned  with  lighting. 

At  the  Annual  Meeting  of  the  Society  last  May  it  was  pointed  out  that 
many  of  the  subjects  for  discussion  during  1915  were  of  great  interest  at 
the  present  moment,  notably  those  on  Searchlights,  Visibility,  and  the 
Lighting  of  Rifle  Ranges.  Another  subject — the  Rating  and  Marking  of 
Lamps — has  also  been  receiving  attention  on  the  Continent  and  in  the 
United  States. 

In  the  United  States,  we  are  glad  to  see,  the  Illuminating  Engineering 
Societv  is  actively  continuing  its  work.  The  proceedings  at  the  recent 
Annual  Convention  were  as  interesting  as  usual,  and  the  "  Code  "  on  Factory 
Lighting,  recently  issued,  was  a  useful  contribution  to  the  literature  on 
Industrial  Illumination. 

It  was  hardly  to  be  expected  that  any  great  inventions  or  discoveries 
in  lighting  appliances  could  be  commercially  exploited  in  war  time.  At 
the  same  time  it  will  probably  be  found  at  the  conclusion  of  the  war  that 
manufacturers  have  been  far  from  idle. 

In  this  country  we  have  had  an  opportunity  of  realising  how  dependent 
we  formerly  were  on  the  Continent  for  many  necessary  materials  and 
appliances  used  in  the  lighting  industry,  and  we  believe  that  the  authorities 
already  recognise  how  vital  to  our  national  existence  is  the  proper  encourage- 
ment of  applied  science.  In  the  present  critical  period,  when  so  great  a 
demand  on  our  men  and  resources  is  being  made  by  military  and  naval 
requirements,  it  is  the  clear  duty  of  the  non-combatant  section  of  the 
population  to  keep  alive  the  scientific  spirit,  and  to  persevere  as  far  as 
possible  in  the  conduct  of  scientific  research.  Such  work,  although  less 
spectacular,  is  as  necessary  for  the  future  welfare  of  the  country  as  the 
efforts  of  those  in  the  fielcl  of  battle.  The  wisdom  of  this  view  has  been 
officially  recognised  by  the  creation  of  a  Committee  of  the  Privy  Council 
now  engaged  in  preparing  a  scheme  to  establish  a  permanent  organisation 
for  the  promotion  of  Industrial  and  Scientific  Research.  The  Committee 
is  aided  by  an  Advisory  Council  who  will  advise  on  proposals  for 
instituting  researches,  establishing  research  studentships,  &c.  We  are 
glad  to  see  that  the  scheme  aims  at  co-operation  with  existing  scientific  and 
professional  bodies,  many  of  whom  are  now  carrying  out  valuable  work  in 
most  trying  circumstances.  We  are  also  glad  to  note  the  permanent 
character  of  the  organisation  which,  we  hope,  will  constitute  a  source  of 
encouragement  to  scientific  enterprise  and  will  profoundly  influence  our 
industries  in  time  to  come. 
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The  Development  of  Electric  Incandescent  Lamps  in  Relation  to  Illuminating 

Engineering- 

The  discussion  on  this  subject  opened  by  Professor  J.  T.  Morris  at 
the  last  meeting  of  the  Ilhiminating  Engineering  Society  (see  pp.  5 — 26) 
brought  out  several  interesting  points.  Methods  of  lighting  interiors  are 
necessarily  affected  by  the  range  of  candlepower  and  efficiency  of  the  lamps 
available,  and  it  is  not  surprising  to  find  that  as  a  result  of  the  introduction 
of  more  powerful  and  efficient  incandescent  lamps  general  over-head  lighting 
is  being  exploited  to  a  considerable  extent  in  many  cases  where  local  lighting 
with  low  candlepower  lamps  would  formerly  have  been  used.  The  rise  in 
intrinsic  brilliancy  (which  according  to  Professor  Morris  reaches  over 
5,000  candles  per  square  inch  in  the  case  of  the  "  half -watt  "  lamp),  has 
made  proper  methods  of  shading  essential,  and  given  some  encouragement 
to  the  use  of  indirect  and  semi-indirect  methods  of  lighting. 

Simultaneously  with  the  greater  range  in  candlepower  we  find  con- 
siderable variations  in  the  shape  of  filament,  and  several  speakers  referred 
to  the  necessity  for  careful  selection  of  the  lamp  to  suit  the  reflector  ;  in 
fact,  lamp  and  globe  or  reflector  should  be  regarded  as  one  "  lighting  unit." 
Professor  Morris  has  found  that  lamps  of  the  "  bunched  filament  "  type, 
having  a  high  powerful  downward  light  component,  may  prove  exceptionally 
efficient  for  certain  purposes,  since  they  enable  a  high  illumination  to  be 
readily  obtained  on  the  working  plane  (naturally  at  the  expense  of  light, 
which  would  otherwise  be  emitted  at  other  angles).  This  point  is  also 
touched  upon  in  a  contribution  to  the  Bulletin  of  the  Swiss  Institution  of 
Electrical  Engineers,  which  we  reproduce  on  p.  29.  The  view  is  expressed 
that  notwithstanding  the  apparent  gain  as  regards  distribution  of  light, 
it  seems  advisable  to  aim  at  producing  a  standard  type  of  lamp,  which  can 
be  made  cheaper  and  more  reliable,  and  to  modif}^  the  distribution  of  light 
by  using  appropriate  reflectors.  This  view  would  probably  commend  itself 
to  most  lamp-manufacturers.  Again,  whilst  agreeing  that  the  gas-filled  or 
so-called  "  half-watt  "  lamps  represent  a  distinct  advance  in  efficiency,  we 
hope  that  manufacturers  will  exercise  restraint  in  the  introduction  of  new 
high  voltage  and  low  candlepower  units,  and  that  they  will  make  sure  that 
the  type  is  thoroughly  serviceable — i.e.,  that  it  has  a  satisfactory  life  and 
can  be  sold  at  a  reasonable  price — ^before  it  is  given  to  the  public.  In  the 
case  of  general  lighting  with  comparatively  powerful  lamps  this  is  specially 
important,  as  the  failure  of  one  lamp  is  not  only  an  item  of  importance  as 
regards  the  cost  of  maintenance  but  may  lead  to  a  section  of  a  workroom 
being  left  in  comparative  darkness. 

Another  feature  of  interest  at  this  meeting  was  the  exhibition,  by 
Mr.  S.  R.  Mullard  (for  the  first  time  in  public),  of  a  form  of  lamp  using  an 
incandescent  ball  of  tungsten  within  a  sealed  bulb.  Although  in  a  sense 
an  "  arc  "  lamp,  it  requires  no  manipulation  once  it  is  started,  and  being 
a  close  approximation  to  a  "  point-source,"  may  have  inteiesting  applications 
for  projection  work.  It  is  too  early  as  yet  to  predict  the  full  applications 
of  the  lamp,  but  its  appearance  at  the  present  moment  is  a  testimony  to 
the  enterprise  of  the  Ediswan  Laboratories. 
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Supply  Companies  and  Illuminating  Engineering 

The  war  has  imposed  difficulties  on  many  companies  engaged  in  the 
supply  of  gas  and  electricity.  In  manufacturing  districts  the  diminution 
in  the  private  lighting  demand  has  been,  to  a  great  extent,  offset  by  the 
increased  opportunities  for  heat,  light,  and  power  in  the  factories  in  the 
locality;  but  in  other  cases,  such  as  the  residential  districts  of  London,  this 
compensating  advantage  does  not  exist.  In  addition  to  the  loss  in  revenue 
expenses  have  risen,  and  it  is  natural  that  companies  should  desire  to 
increase  their  rates  temporarily  so  as  to  make  good  the  deficit. 

Most  people  would  be  willing  to  agree  that  such  a  course  may  be  natural 
and  inevitable  in  the  present  circumstances.  But  from  the  public  stand- 
point the  exact  form  of  the  increase  is  a  matter  of  some  moment.  In 
several  cases  which  have  come  under  our  notice,  we  observe  that  electric 
lighting  companies  have  not  been  satisfied  with  merely  increasing  their 
rates,  but  have  taken  advantage  of  the  situation  created  by  the  war  to 
terminate  their  old  contracts  and  scale  of  charges,  based  on  the  fiat  rate, 
and  to  substitute  other  arrangements,  which  in  some  cases  constitute  a 
hardship  to  old  consumers.  Methods  which  might  strike  the  company  as 
quite  reasonable  in  the  present  circumstances  when  applied  to  new 
consumers,  may  be  unjust  to  consumers  of  old  standing  ;  and  the  welfare 
of  the  supply  company  is  inevitably  prejudiced  if  an}'  large  section  of  such 
consumers  feel  they  have  a  grievance. 

From  the  illuminating  engineering  standpoint,  it  is  well  known  that 
the  best  results  are  obtained  by  allowing  adequate  subdivision  of  the  lighting 
sources,  using  at  each  point  only  the  candlepower  needed  to  produce  the 
required  illumination,  and  that  ample  switching  arrangements,  enabling 
only  those  lamps  actually  required  at  an\'  moment  to  be  switched  on,  are 
essential  for  convenience  and  economy.  The  system  of  charging  on  the 
total  lamps  installed,  irrespective  of  the  fact  that  the  whole  of  the  lamps 
will  never  be  in  use  simultaneously,  penalises  consumers  who  adopt  proper 
methods  of  lighting  and  encourages  parsimony  of  a  very  injudicious  kind. 

We  mention  this  point  because  it  illustrates  the  importance  of  supply 
companies,  whether  gas  or  electric,  co-operating  with  the  general  public 
and  advising  them  to  use  their  light  to  the  best  advantage.  Taking  a 
far-sighted  view,  it  is  clearly  to  the  interest  of  companies  to  do  this,  and  as 
a  result  of  the  work  of  the  Illuminating  Engineering  Society  there  are  now 
ample  opportunities  for  their  staffs  to  become  familiar  with  the  require- 
ments of  good  lighting.  Companies  should,  therefore,  recognise  the  benefit 
of  studying  these  matters,  so  that  their  representatives  may  be  in  a  position 
to  induce  existing  consumers  to  exercise  a  wise  generosity  in  the  use  of 
light,  taking  advantage  of  the  latest  developments  in  electric  lamps,  and 
thus  raising  the  status  of  lighting  to  a  higher  level. 

We  strongly  believe  that  a  great  deal  more  might  be  done  by  supply 
companies  than  at  present  to  interest  the  consumer  in  illumination,  and 
to  lead  him  to  appreciate  that  light  is  a  real  necessity  and  not  a  luxury, 
and  that  economy  be^^ond  a  certain  point  is  inefficient  and  unwise.  At 
the  present  time,  when  there  is  a  great  need  for  discrimination  in  economy, 
supply  companies  have  a  duty  in  this  respect,  and  for  their  own  future  it 
is  incumbent  on  them  to  take  much  more  interest  in  illuminating  engineering 
than  they  have  done  hitherto. 

Leon  Gaster. 
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RECENT    DEVELOPMENTS     IN    ELECTRIC    INCANDESCENT 
LAMPS  IN  RELATION  TO  ILLUMINATING  ENGINEERING. 

(Discussion  at  a  meeting  of  the  Society  held  at  8  p.m.  at  the  House  of  the  Royal  Society 
of  Arts,  18,  John  Street,  Adelphi,  London,  on  Tuesday,  December  lOlh,  1915. 


A  MEETING  of  the  Society  took  place  at 
the  House  of  the  Royal  Society  of  Arts  on 
Tuesday,  December  10th,  the  Chatr 
being  taken  by  Professor  Silvanus  P. 
Thompson,  D.Sc,  F.R.S. 

The  minutes  of  the  last  meeting  having 
been  taken  as  read,  the  Hon.  Secretary 
announced  the  names  of  new  members  in 
the  usual  way,  and  the  Chairman  then 
called  upon  Professor  J.  T.  Morris  to 
open  the  discussion  on  "  Recent  Develoji- 
ments  in  Electric  Incandescent  Lamps  in 
Relation  to  Illuminating  Engineering." 
A  discussion  followed,  in  which  Mr.  S.  R. 
MuLLARD,  Mr.  F.  W.  WiLLCOX,  Mr.  W. 
R.  Cooper,  Mr.  A.  Cunnington,  Mr.  E. 


Stroud,  and  Mr.  L.  Gaster  took  part. 
Professor  J.  T.  Morris  intimated  that  he 
would  reply  to  the  various  comments  in 
the  Journal  of  the  Society. 

The  Chairman  announced  that  the  next 
meeting  would  take  place  on  Tuesday, 
January  11th,  when  a  discussion  on 
Some  Problems  in  the  Lighting  of  Factories 
and  Workshops,  with  special  reference  to 
the  Departmental  Report,  would  be  oiiened 
by  Mr.  J.  S.  Dow. 

Votes  of  thanks  to  Professor  Morris  for 
opening  the  discussion,  and  to  Professor 
Silvanus  P.  Thompson  for  presiding,  ter- 
minated the  ])roceedings. 


NEW  MEMBERS. 

At  the  meeting  of  the  Society  on  December  10th  the  names  of  api:»licants  previoiish* 
read  out  at  the  meeting  on  November  23r(l  were  annoimoed  again,  and  tliese  gentlemen 
were  formally  declared  members  of  the  Society. 

In  addition,  the  following  new  names  were  announced  : — 

Vicr-Prrsidents  : — ■ 

Sparks,  C.  P. 


Young,  John. 

Ordinary  Members  : — - 

Pillinger,  G.  C. 


Chief  Engineer  of  the  Comity  of  London 
Electrieal  Supply  Co.,  President  of  the 
Institution  of  Electrical  Engineers. 

Chief  Engineer  of  tlK>  (J as  \^'orks,  Hull,  Presi- 
dent of  the  Institution  of  Gas  Engineers. 

London  Manager,  Messrs.  R.  A.  Lister  &  Co., 
47,  N'^ictoria  Street,  London,  S.W. 
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RECENT    DEVELOPMENTS 

IN  ELECTRIC    INCANDESCENT   LAMPS   IN  RELATION 

TO   ILLUMINATING  ENGINEERING. 

By  J.  T.  Morris. 
(Professor  of  Electrical   Engineering   at  East  London  College.) 

(Introduction  to  Discussion  which  took  place  at  a  meeting  of  the  Illuminating  Engineering  Society 
at  the  House  of  the  Roval  Society  of  Arts,  London,  at  8  p.m.,  on  Tuesday,  December 
14th,  1915.) 


My  intention  in  these  introductory  re- 
marks is  to  make  a  general  survey  of  the 
recent  developments  in  incandescent 
lamps  during  the  last  few  years,  particu- 
larly as  regards  range  of  candlepower  and 
nature  of  filament ;  to  trace  the  in- 
fluence of  these  developments  on  the 
design  of  shades  and  reflectors,  and  on 
general  problems  in  illuminating  engineer- 
ing. 

Table  I. — Showing  Development  of 


filament  lamp  becomes  practically  ex- 
tinct. It  is  interesting  to  observe  the 
great  advance  made  during  the  last  ten 
years  in  the  range  of  candlepower  avail- 
able. The  introduction  of  metal  filament 
lamps,  giving  only  a  few  candles,  led  to  a 
great  development  in  many  portable 
appliances,  such  as  torches,  miners'  lamps, 
and  motor-car  headUghts ;  while  with 
gas-filled  lamps  as  miich  as  3,000  candles 

Electric  Incandescent  Lamps. 


Nature  of  Filament. 

Date 
introduced. 

Voltage. 

C.P. 

Watts /C.P. 

Carbon   . . 

1880 
1889 

to  100 
to  200 

10—50 

5-0 

Nernst    . . 

1898 

110 

65 

1-5 

1903 

250 

130 

1-5 

Osmium 

1902 

65 

35 

1-7 

Tantalum 

1905 

to  110 

1-9 

Tungsten,  squirted 

1906 

to  100 

8—50 

1-25 

1908 

100 

6—300 

1-25 

1909 

230 

8—1000 

1-25 

Tungsten,  drawn  wire 

1910 

100—250 

20—1000 

1-25 

"Half- Watt" 

1913 

50—250 

750 

•65 

1915 

25—250 

30—3000 

•65 

Tungsten  "  Arc  Incandescent  " 

1915 

50 

100 

0-65 

Table  I.  serves  to  illustrate  the 
gradual  development  which  has  taken 
place  in  incandescent  lamps.  Data  as 
regards  the  range  of  candlepower,  effi- 
ciency and  date  of  introduction  of  various 
lamps  are  given  from  the  carbon  filament 
to  the  '■  half-watt  "  or  gas-filled  lamp, 
and  the  still  more  recent  "  tungsten  arc 
incandescent "  lamp,  on  which  I  shall 
have  something  to  say  shortly. 

From  the  figures  available  it  appears 
that  about  7.0  per  cent,  of  the  present 
lamp  output  consists  of  metal  filament 
lamps,  and  probably  it  is  now  only  a 
question    of    time    before     the    carbon 


is  now  concentrated  in  a  single  unit. 
(In  the  United  States  gas-filled  lamps, 
giving  as  much  as  10,000  candles,  are  said 
to  have  been  prepared.) 

It  is  also  of  interest  to  observe  in  which 
countries  the  various  lamps  have  been 
developed.  The  carbon  filament  lamp 
was  developed  partly  in  the  United 
States  and  partly  in  this  country  ; 
the  Nernst  lamp  in  Germany  ;  the 
Tantalum  lamp  in  Germany  ;  the  tung- 
sten lamp  and  the  half-watt  lamp  partly 
in  Germany  and  partly  in  the  United 
States. 

The  very  latest  type  of  lamp  on  the  list, 
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the  "  tungsten  arc  incandescent,"  is  to  be 
shown  in  public  for  the  first  time  this 
evening,  and  is  still  in  the  experimental 
stage.  This  source  might  be  more 
correctly  described  as  an  "  incandescent 
ball  "  of  tungsten.  It  is  a  most  interest- 
ing novelty,  and  it  is  gratifying  to  observe 
that  it  has  been  developed  entirely  in  the 
Ponders  End  Eesearch  Laboratory,  of 
the  Edison  and  Swan  United  Electric 
Light  Co.  It  is  satisfactory  to  find  that, 
even  in  the  present  circumstances, 
Englishmen  have  the  foresight  and  deter- 
mination to  attempt  and  carry  to  a 
successful  conclusion  a  research  of  this 
kind.  The  lamp  is  really  an  arc  in  a 
hermetically  sealed  glass  bulb,  and  thus 
combines  in  many  respects  the  advantages 
of  an  arc  and  an  incandescent  lamp.  The 
arc  is  formed  between  a  globule  of  tung- 
sten and  a  rod  composed  of  special 
ionising  materials,  the  globule  becoming 
incandescent,  thus  forming  an  approxi- 
mation to  a  ''  point  source."  From  a 
physical  standpoint  the  lamp  behaves 
like  an  arc  but,  being  entirely  confined 
within  the  glass  bulb,  does  not  require 
manipulation  by  the  operator  in  any  way. 
The  specific  consumption  is  about  0.65 
watts  per  candle,  but  I  understand  that  by 
forcing   up   the   current  0.32   watts  per 


candle  can  be  attained.  The  globe  is 
filled  with  an  inert  gas  such  as  nitrogen 
or  argon.  The  tungsten  globule,  one- 
tenth  of  an  inch  in  diameter,  is  supported 
on  a  bi-metallic  strip.  Immediately 
above  this  globule  is  a  rod  composed  of 
tungsten  and  also  containing  special 
materials  which,  when  heated  by  the 
passage  of  an  electric  current,  ionise  the 
space  between  the  rod  and  the  ball  of 
tungsten  and  enable  an  arc  to  be  struck 
and  maintained.  The  action  of  the  heat 
on  the  bi-metallic  strip  causes  the  ball  to 
travel  slowly  across  the  filament  below  it, 
this  movement  serving  as  a  protection  to 
the  ioniser.  The  arc  itself  gives  practi- 
cally no  light,  the  candlepower  of  the 
lamp  being  centred  in  the  tungsten 
globule.  Some  tests  on  the  relation  be- 
tween candlepower  and  voltage  gave  in- 
teresting figures  ;  with  a  carbon  filament 
lamp  1  per  cent,  change  in  current  means 
5  or  6  per  cent,  change  in  candlepower  ; 
with  metal  filament  lamps  the  corres- 
ponding variation  is  less  ;  while  with 
the  tungsten  "  arc  incandescent  "  1  per 
cent,  change  in  current  causes  a  change 
of  only  about  2^  per  cent,  in  the  light. 

Table  11.  summarises  some  other  im- 
portant properties  of  electric  lamps.  It 
has  often  been  remarked  that  each  gain 


Table  II. — Intrinsic  Brilliances  of  Electric  Incandescent  Lamps. 


Intrin- 

sic 

Nature  of  Filament 

C.P.  or 

Volts. 

W/C.P. 

Length. 

Diam. 

Cross 

Proj. 

bril- 

Watts. 

inches. 

mils. 

Sectn. 
"sq. 
mils." 

Area, 
sq.  in. 

liancy 

(c-P-/ 
sq.  in.) 

Carbon 

50  c.p. 

100 

3-5 

10-5 

12-5 

123 

0-1312 

381 

50  c.p. 

200 

4-0 

13-7 

8-7 

59-5 

0-119 

420 

Nernst 

66  c.p. 

95 

1-8 

0-59 

52-4 
tube 

— 

0-031 

2150 

Osmium 

32  c.p. 

55 

1-9 

160 

4- 

12-5 

0-062 

520 

Tungsten 
Drawn  wire 

60  w. 
54'5  c.p. 
60  w. 

100 

M 

24 

2.0 

3-8 

0-053 

1030 

52  c.p. 

200 

1-15 

36-5 

1-3 

1-325 

0-0475 

1095 

"Half-Watt" 

.360  w. 

80 

0-67 

20 

71 

39-5 

0-072 

5000 

1490  w. 

240 

0-58 

— 

9 

64 

0-49 

5250 

Tungsten    "  Arc    In- 
candescent " 

100  cp. 

50  (?) 

0-65 

globule 

100 

— 

0-0078 

12900 

Tungsten  (melting  point)  for  comparison 46500 

Crater  of  carbon  arc for  comparison 11 1000 
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m  efficiency  of  modern  illuminants  has 
been  accompanied  by  a  corresponding 
increase  in  the  concentration  of  the  light 
so  that  the  intrinsic  brilliancy  has  steadily 
risen,  reaching  over  1,000  candles  per 
square  inch  in  the  ordinary  tungsten 
lamp.  Naturally  this  high  intrinsic 
brilliancy  makes  it  necessary  to  shade  the 
filaments  from  the  eye,  and  has  led  to  the 
development  of  greatly  improved  shades 
and  reflectors.  Somewhat  variable 
figures  have  been  given  for  the  still  higher 
intrinsic  brilliancy  of  the  ''  half-watt  " 
lamp,  but  a  recent  test  in  the  laboratories 
of  the  East  London  College  gives  a  value 
exceeding  5,000  candles  per  square  inch, 
which  fully  bears  out  the  necessity  for 
proper  methods  of  shading  with  lamps  of 
this  type.  As  regards  the  "tungsten  arc 
incandescent  lamp"  I  find  the  intrinsic 
brilliancy  in  this  case  to  be  much  higher 
still,  namely,  12,500,  which  is  ten  times 
that  of  the  ordinary  tungsten  lamp.  For 
the  sake  of  comparison  the  intrinsic 
brilliancy  of  tungsten  at  its  melting 
point,  46,500,  and  the  positive  crater  of 
the  arc  between  carbon  electrodes,  111,000 
candles  per  square  inch  are  also  included 
in  the  table. 

(Note. — Figures  relating  to  the 
Osmium  lamp  have  been  added  to  these 
tables  at  the  suggestion  of  the  Chairman.) 

In  passing  it  is  worth  notice  that  high 
intrinsic  brilUancy,  which  is  inconvenient 
for  purposes  of  illumination,  is  exactly 
what  is  needed  for  certain  branches  of 
optical  work,  e.g.,  for  cinematograph  and 
optical  projection  and  for  searchlights. 
In  this  case  we  want  the  nearest  approach 
to  a  yjoint-source,  and  the  "  enclosing 
area  "  of  the  filament,  besides  its  intrinsic 
brillianc)'  is  also  important.  The  best 
results  are  obtained  from  a  small  spot 
of  light  of  intense  brilliancy,  and  it  is  well 
recognised  that  the  crater  of  the  carbon 
arc  has  hitherto  surpassed  all  other  sources 
in  this  respect.  By  using  closely  packed 
filaments  of  spiralised  drawn  wire  the 
desired  conditions  can  be  approached, 
but  in  these  circumstances  the  source  is 
not  really  a  "  point,"  but  a  com])licated 
series  of  lines  which  reveal  themselves  in 
optical  projection.  The  new  ''tungsten 
arc  incandescent,"  on  the  other  hand, 
consists  of  a  continuous  glowing  surface, 
and  it  will  be  interesting  to  see  whether 


this  will  have  important  applications  for 
projection  work. 

(In  order  to  illustrate  the  difference  in 
the  arrangement  of  filament  in  various 
lamps  the  lecturer  at  this  stage  projected 
on  the  screen  the  filaments  of  a  number  of 
actual  lamps,  including  the  new  ''  tung- 
sten arc  incandescent  "  lamp.) 

Apart  from  their  special  applications 
for  projection  purposes  in  motor-car 
headlights,  lanterns,  &c.,  it  is  of  interest 
to  inquire  whether  the  close-packed 
spiralised  filaments  are  not  more  advan- 
tageous, with  a  view  to  better  distribution 
of  light  with  modern  reflectors.  With 
the  ordinary  straight  filament  a  great  deal 
of  light  is  emitted  horizontally,  and  this 
Ught  must  be  subsequently  directed 
downwards  by  reflectors.  But  with  some 
forms  of  spiralised  filament  lamps,  the 
percentage  of  light  emitted  immediately 
below  the  reflector  is  much  greater,  and 
the  downward  illumination  obtained  with 
well-designed  reflectors  is  much  increased. 
If  shades  of  a  decorative  kind,  which 
have  little  directing  power,  are  desired, 
the  advantage  of  using  lamps  whose  fila- 
ments are  constructed  to  give  a  strong 
downward  component  is  possibly  even 
greater.  From  my  own  exj^erience  the 
life  of  such  filaments  appears  to  be  some- 
what less,  perhaps  20%  less,  than  those 
of  the  straight  type,  but  in  most  cases  the 
cost  of  replacing  lamps  is  more  than 
counterbalanced  by  the  gain  in  illumina- 
tion, and  the  smaller  consumption  to 
produce  a  given  effect. 

It  will  be  observed  that  the  distribution 
of  light  from  many  lamps  with  coiled 
filaments  is  radically  different  from  that 
of  the  ordinary  standard  type  of  lamp — 
a  point  that  was  brought  out  very  clearly 
in  the  contribution  by  Mr.  Willcox  last 
March.  It  is  a  question  what  is  meant 
by  the  "  candlepower  "  usually  ascribed 
to  such  lamps.  The  candlepower  of  an 
ordinary  lamp  is  usually  measured  per- 
pendicular to  the  axis  of  the  straight 
filament,  but  even  this  value  bears  little 
relation  to  the  performance  of  the  lamp 
when  the  distribution  of  light  has  been 
entirely  altered  by  using  a  suitable  re- 
flector. It  is  worth  the  consideration  of 
lamp-manufacturers  whether  they  could 
not  provide  a  rough  polar  curve  with  each 
lamp  sold,  the  curve  being  marked  on  the 
])a}ier  in  which  the  lanq)  was  wra2:)ped. 
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SECTION'. 

Corrugated  reflector  surface. 
Plain  reflector  surface. 


Elevation. 


Fig.  1. — Details  of  overhead  reflectors  for  platform  ligliling  in  tlie  Queen' 

People's  Palace. 


Hall, 
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Fig.  2.— Plan  of  stage  in  the  Queens 
Hall.  People's  Palace.  Showing 
distribution  of  illumination  in  ft.- 
candles  due  to  the  four  overhead 
reflectors,  measured  in  n  horizontal 
phiiic  at  a  height  of  3  ft.  above  the 
floor. 

(The  illumination  at  each  spot  is  in- 
dicated by  the  figures  in  circles. 


CURTAIN|  '^     _^''' _    _      "2     ^      _  _  [_ 


Fig.  3.  Illumin.tlion  due  to  tlie  foot- 
lights in  a  vertical  plane  at  a  height 
of  5  ft.  above  floor  of  the  stage  in 
the  Queen's  Hall,  People's  Palace. 

Thirty-si.\  30-\vatt  clear  bulb  tungsten 
lamps  are  used. 
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Xo  doubt  this  would  mean  more  trouble, 
but  would  give  a  much  more  definite  idea 
of  the  performance  of  the  lamp  to  the 
purchaser. 

Another  point  for  consideration  is  the 
design  of  reflectors  to  suit  special  types 
of  filaments.  At  present  manufacturers 
appear  to  design  the  reflectors  to  suit  the 
ordinary  straight  filaments.  It  is  obvious 
that  the  position  of  the  filament  with 
regard  to  the  reflector  will  affect  the  polar 
curve  of  the  fighting  unit,  and  it  would 
be  a  great  advantage  if  makers  of  lamps 
and  reflectors  could  co-operate  more 
com{)letely  so  as  to  secure  that  standard 
and  suitable  dimensions,  for  both  are 
adopted.  With  a  straight  filament  errors 
due  to  the  position  of  the  filament  are 
probably  not  very  great.  But  with  a 
iilament  of  the  bunched  type  the  polar 
curve  is  very  different,  and  a  small  change 
in  the  position  of  a  filament  of  this  kind 
has  much  more  effect.  Those  who  have 
used  lamps  having  portions  of  the  fila- 
ment mounted  horizontally  know  that  the 
distribution  curve  often  varies  consider- 
ably during  the  life  of  a  lamp  owing  to  the 
■■  sagging  "  of  the  filament.  The  most 
important  factor  for  most  installations  is 
a  knowledge  of  the  iUumination  obtainable 
5  or  6  feet  below  a  given  unit,  consisting 
of  a  certain  lamp  in  a  specified  type  of 
reflector,  and  it  would  be  a  convenience 
if  this  could  be  generally  stated. 

In  what  follows  I  propose  to  describe 
a  few  lighting  installations  which  have 
been  carried  out  under  my  supervision  at 
the  East  London  College  and  elsewhere, 
and  which  illustrate  the  application  of 
lamps  having  various  kinds  of  filaments, 
in  some  cases  used  with  specially  designed 
reflectors. 

Figs.  1—6  illustrate  the  special  arrange- 
ments made  for  the  lighting  of  the  stage 
in  the  Queen's  Half  at  the  People's 
Palace.  The  stage  receives  illumination 
from  footlights  and  also  from  four  special 
reflectors,  in  the  design  of  which  Mr.  Wise, 
a  member  of  the  Society,  rendered 
valuable  assistance.  The  chief  points  of 
interest  may  be  summarised  as  follows  : — 

Particulars  of  Special  Lighting  of  Stage 
OF  Queen's  Hall,  People's  Palace. 

litquirementa  :—(\)  Fifteen  feet  clear  head 
room.     (2)  Lights  to  be  entirely  invisible  to  the 


audience.  (3)  No  light  to  escape  over  front  of 
stage,  and  (4)  Lighting  units  to  be  supported  in- 
dependently of  any  other  fitting  on  the  stage. 

Useful  area,  28  feet  X  14  feet. 

Lighted  by  4  units,  each  consisting  of  a 
specially  designed  reflector  containing  one 
600  watt  clear  tungsten  and  one  300  watt  clear 
tungsten  lamp.  A  section  and  elevation  is 
shown  in  the  accompanying  plan  (see  Fig.  1). 

Height  of  light  source,  17  feet  above  stage. 

Resulting  illumination  shown  in  detail  on 
accompanying  plan  (sec  Fig.  2). 

Average,  13  foot-candles. 

Maximum,  20  foot-candles. 

Minimum,  7  foot-candles. 

Reflectors  are  j)ractically  invisible  to  the 
audience. 

Illumination  on  a  vertical  surface  is  given  for 
the  footlights  (see  Fig.  3). 

Photograjjhs  of  the  Hall  are  also  shown. 


Fig.  4. — Photoiiraph  of  portion  of  stage 
(Queen's  Hall.  People's  Palace),  showing 
overhead  reflectors  for  platform  lij^hting. 

I  may  mention  that  the  special  design 
of  the  above  mentioned  reflectors  was 
made  necessary  by  the  fact  that  only 
lamps  with  ordinary  filaments  occupying 
a  considerable  space  were  available.  Had 
half-watt  lamps  been  available  the  design 
might  have  been  simplified. 

The  next  illustration  (Fig.  7)  shows  the 
electrical  engineering  laboratory,  which 
is  lighted  by  bunched  filament  lamps  in 
Holophane  reflectors.  The  original  light- 
ing was  by  means   of  vertical  filament 
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lamps,  but  by  substituting  bunched 
filament  lamps  (the  lamp  in  each  of  the 
eight  fittings  being  changed  from  an 
ordinary  100-watt  tungsten  to  a  60- watt 


"  axial  "  tungsten  lamp),  a  much  better 
result  has  been  obtained. 

The   drawing   office   of   the   Electrical 
Engineering   Department,    East   London 


Fig.  5. — (Juecn's  Hall,  People's  Palace,  showing  effect  of  general  lightin;. 
special  overhead  platform  reflectors  off. 


Fk;.  6. — Queen's  Hall,  People's  Palace  ;  general  lighting  off.     Special  overiiead 
platform  reflectors  and  footlights  oil. 
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Cullej^'c,  illustrated  in  Fig.  8,  again  shows 
the  use  of  bunched  fihinienb  lamps  in 
Holophane  reflectors. 

The  following  ])articulars  of  this  instal- 
lation serve  to  show  the  advantage  of  this 
type  of  lamp  : — 

PAKTrtlLAKS  OF  LlCHTlNU  OF  DRAWING  OFFICE, 
ElECTKRAL      EScilNEEKINt!      DlirARTMEXT, 

East  London  Colleoe. 

Room  mcixsiirus  42  feet  X  24  ivvt. 

Originnl  Syslcm  »f  Li(/lili>i<j : — Lighted  by 
twenty  (>0-wa'tt  lainjis,  with  Holophane  shades. 

Centre  of  caeh  source  of  light  7  ft.  above 
tables. 

Horizontal  illumination  in  working  area,.  4U 
to  (5-5,  with  one  watt  for  square  foot. 

Final  System  of  Lighting  : — Altered  to  spiral 
filament  tungsten  lamps  and  sources  raised. 

Twenty  40-watt  lamps. 

Centre' of  source  of  light  raised  to  an  average 
of  7  ft.  6  in.  above  tables. 

Horizontal  illumination  in  working  area  at 
table  height  7-0  to  8-5  foot-candles,  with 
f-watt  for  each  square  foot. 

I  have  had  similar  experience  in  an 
exceptionally  large  chemical  laboratory 
where  a  similar  diminution  in  the  con- 
sumption was  made.  In  view^  of  these 
results  it  is  surprising  that  lamps  of  the 
bunched  filament  type  are  not  more 
widely  used,  and  that  thoroughly  appro- 
priate reflectors  for  use  with  them  are  not 
available. 

The  final  illustration  (Fig.  9)  shows  a 
specially  designed  method  of  lighting  a 
chemical  balance.  At  my  suggestion  this 
method  has  been  adopted  by  Messrs. 
Gallenkamp,  w^ho  kindly  lent  a  balance 
for  exhibition  at  this  meeting.  A  tubular 
lamp  in  an  appropriate  reflector  is  placed 
on  the  top  of  the  balance  strongly  illu- 
minating the  interior.  A  shallow  screen 
of  a  white  matt  material  (cardboard  or 
celluloid)  near  the  top  of  the  balance 
serves  to  conceal  the  filament  from  the 
observer,  and  also  assists  in  difi'using  the 
light  on  to  the  wider  beam.  The  ob.server 
sees  the  strongly  illuminated  scale  imme- 
diately below  the  lower  level  of  this  screen. 
At  the  ba.se  of  the  balance  there  is  also  an 
inclined  .sheet  of  white  cardboard.  This 
.serves  to  reflect  light  on  the  marked 
surface  in  front  of  which  the  pointer 
attached  to  the  beam  oscillates ;  the 
observer  can  thus  see  at  a  glance  whether 
or  no  the  beam  is  in  exact  balance.  In 
view  of  the  delicacy  of  the  operations 


carried  out  on  a  chemical  Ijalance,  and 
the  time  spent  in  these  operations,  a  good 
local  illumination  from  a  concealed  source 
is  really  helpful,  and  the  above  method 
may  serve  as  an  instance  of  how  by  the 
choice  of  the  best  type  of  lamp  and 
appropriate  screening  devices,  one  can 
secure  exactly  the  conditions  of  illumina- 
tion which  the  })roblem  demands. 

The  photograph  hardly  does  justice  to 
the  actual  condition,  since  the  brilliantly 
illuminated  scale  arm  was  necessarily 
somewhat  over-exposed,  and  is  in  reality 
much  brighter  than  the  picture  suggests. 

In  conclusion,  I  regret  that  these  re- 
marks are  somewhat  disjointed  in  char- 


FiG.  9. 


-Showing  special  lighting  of 
chemical  balance. 


acter.  This  is  due  to  the  fact  that  I  have 
been  extremely  busy  on  other  pressing 
work  during  the  past  months,  and,  like 
many  other  members  of  the  Society,  have 
not  had  as  much  time  to  devote  to  illu- 
mination as  I  would  like.  I  hope,  how- 
ever, that  enough  has  been  said  to  lead 
to  a  useful  discussion.  I  would  also  like 
to  express  my  indebtedness  to  Mr. 
Mullard  for  enabUng  me  to  exhibit  the 
new  lamp  with  which  he  is  associated  and 
for  other  information  ;  and  to  Mr.  Dow, 
the  Hon.  Asst.  Secretary  of  the  Society, 
by  whom  the  various  photographs  illus- 
trating this  contribution  were  taken. 
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Fig.  7. — Illumination  of  Electrical  Engineering  Laboratory,  East  London  College. 


Fig.  8. — Illuminatiuniof  Drawing  Office,  East  London  College,  by  special  bunched 
filament  lamps  in  Holophane  reflectors. 
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DISCUSSION. 


Mr.  S.  R.  MuLLAKD  exhibited  and  de- 
monstrated the  arc  incandescent  lamp 
referred  to  by  Professor  Morris.  The 
ionising  rod  mentioned  by  Professor 
Morris,  he  said,  is  a  mixture  of  tungsten 
and  some  of  the  refractory  earths. 

The  type  of  lamj)  suitable  for  con- 
tinuous current  circuits,  where  about  100 
mean  spherical  candle-power  was  required, 
was  as  shown  in  Fig.  (1).  It  would  be 
seen  that  in  aj)pearance  the  new  lamp  was 
similar  to  the  ordinary  incandescent  lamp, 
the  bulb,  stem  and  leads  being  similar  in 
both  types. 


3- 


spherical  electrode,  whilst  the  other  two 
supported  the  ionising  rod.  There  were 
three  contacts  in  the  lamp  cap,  which  had 
odd  sized  pins,  and  a  three  plunger  lamp 
holder,  having  large  and  small  slots,  was 
employed.  This  prevented  wrong  con- 
nections between  lamp  holder  and  lamp 
cap.     Fig   (2)   showed   diagram   of   con- 


— V\AAAAVWv^AVVY\AA/Vv^/W\AAA/v^ 
R'  1      R'^        1  R" 


F'iG.  2. — Showing  arranjiement  of  tungsten 
globule,  ionising  filament,  and  resistance 
for  tungsten  arc  incandescent  lamp. 


Fk;.  1. — General  view  of  Lamp. 

The  lamj)  consisted  of  a  nitrogen  filled 
bulb,  in  which  were  mounted  a  spherical 
tungsten  electrode  and  an  ionising  red. 
Between  the  electrode  and  its  stem  lead 
an  exj)ansion  strip  was  inserted. 

Three  leads  were  necessary  through  the 
lamp  stem  ;    on   one  was  mounted  the 


nections  for  the  lamp.  The  positive  main 
lead  was  divided  into  two  circuits,  one 
passing  through  the  resistance  Ri,  and 
the  push  or  normally  off  switch  E.  to  the 
one  end  of  the  ioniser,  the  other  circuit 
being  through  the  resistances  Rj  R2  to 
the  electrode  A.  The  negative  lead  was 
connected  to  the  other  end  of  the  ioniser. 
To  start  the  lamp,  the  switch  E.  was 
depressed,  and  current  passing  through 
the  ionising  rod  caused  this  to  incandesce 
and  ionise  the  surrounding  gas.  The 
switch  E.  was  quickly  released,  contact 
only  being  made  for  a  second  or  two, 
and  on  the  ioniser  circuit  being  broken 
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an  arc  was  struck  between  the  electrode  A, 
as  anode  and  the  ionising  rod  C.  as 
cathode.  The  heat  frojn  the  arc  caused 
the  expansion  strip  F.  to  warp  and  move 
the  arc  to  a  position  further  along  the 
ioniser.  At  this  point  where  the  arc  was 
maintained,  the  ionising  properties  of  the 
rod  were  destroyed,  but  on  switching  oft" 
the  current,  the  expansion  strip  cooled, 
and  the  spherical  electrode  returned  to  its 
original  position  opposite  the  still  active 
portion  of  the  ioniser. 

By  this  means  the  lamp  could  be 
started  at  any  period  of  its  life  wdthout 
difficulty.  In  this  lamp  practically  the 
whole  of  the  intense  white  light  emanated 
from  the  small  globule  of  tungsten  A., 
which  was  about  1/10-inch  in  diameter. 

For  high  candle-j)ow^er  lamps,  where  a 
larger  light  giving  surface  was  required, 
the  arrangement  was  as  shown  in 
Fig.  (3). 


Fu;.  3. — Diagram  of  cunncctinns  for  hi,i*li  c.p. 
arc  incandescent  lamp. 

In  this  lamp  there  were  two  electrodes, 
the  small  spherical  electrode  A.,  and  a 
larger  flat  electrode  B.,  both  of  fused 
tungsten.  These  were  set  at  a  definite 
distance  from  each  other  and  from  the 
ioniser  C. 

To  start  the  lamp,  the  2-way  switch  D 
was  made  to  complete  the  circuit  2.  thus 
connecting  the  electrode  A.  to  the  ])ositive 
lead  through  the  resistances  Ri  R.>  R;}. 
On  pressing  the  push  or  normally  off 
switch  E.  (which  was  connected  to  the 
positive  lead  at  the  end  of  the  resistance 
Rj)  the  ioniser  C.  was  made  to  incandesce 
sufficiently  to  ionise  the  gas  between  it 
and    the    electrode    A.     Two    or    three 


seconds,  during  which  the  ioniser  was 
incandescent,  was  sufficient  to  accomplish 
this.  Immediately  the  switch  E.  was  re- 
leased and  the  positive  lead  of  the  ioniser 
circuit  broken,  an  arc  was  struck  between 
the  ioniser  C.  as  cathode  and  the  small 
electrode  A.  as  anode.  As  soon  as  the 
electrode  A.  became  brightly  incandescent 
the  switch  D.  was  moved  into  the  position 
at  I.  The  electrode  A.,  formerly  positive, 
now  became  negative,  and  being  white 
hot  easily  ionised  the  gap  between  itself 
and  the  plate  electrode  B.  (connected  to 
the  positive  main  lead  through  the  re- 
sistances R]  R2).  An  arc  was  thus  struck 
between  the  spherical  electrode  A.  as 
cathode  and  the  plate  electrode  B.  as 
anode.  By  these  means  it  would  be  seen 
that  an  arc  could  be  easily  struck  be- 
tween substantially  large  tungsten  elec- 
trodes, which  being  properly  j^roportioned 
ensured  the  lamp  having  a  long  life. 

Lamps  of  this  type  had  been  made  in 
the  Edison  and  8wan  Laboratory  up  to 
1,200  candle-power. 

A  spectrum  analysis  of  the  light 
emitted  showed  continuity  and  strength 
in  the  visible,  also  an  extension  into  the 
ultra-violet. 

The  new  lamp  was  a  great  advance  on 
the  ordinary  carbon  arc.  No  regulating 
mechanism  was  required  and,  therefore, 
the  initial  cost  of  production  was  less. 
The  arc  was  very  stable  on  varying 
voltage,  and  further  there  was  no  trouble 
from  flickering  or  arc  wandering.  The 
arc  being  completely  enclosed  there  was 
no  danger  from  fire.  The  light  giving 
surface  for  the  same  output  was  greater 
than  that  of  the  carbon  arc,  and  the  loss 
of  light  due  to  obstruction  by  the  elec- 
trodes was  much  smaller. 

In  comparison  with  incandescent  lamps, 
the  light  from  the  new  lamp  was  much 
whiter  in  colour  than  the  ordinary  half- 
watt  lamp.  The  lamp  had  special  appli- 
cations for  all  types  of  projection  lanterns, 
micrography,  colour  matching,  &c.,  &c. 

(For  a  fuller  account  of  the  physical  and 
electrical  characti  ristics  of  this  lamp,  see  .lourmtl 
of  the  Institution  of  Electrical  Engineers,  \o\.  34, 
No.  251,  Dec.  1st,  191.").) 

Mr.  F.  W.  WiLLCOx  referred  to  the 
change  in  designs  and  change  in 
character  of  fittings  which  the  new 
develo|)nuMit  in  lighting,  especially  the 
half-watt  lamp  had  rendered  necessary, 
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but  l)eforc  giving  these  he  would  hke 
to  say  something  with  regard  to  Pro- 
fessor Morris's  advocacy  of  the  spiralised 
filament  lamp.  Professor  Morris  and 
himself  had  exchanged  views  on  this 
matter  before  privately,  and  api)arently 
Professor  ^lorris  believed  very  strongly  in 
this  lamp.  His  own  experience  in  con- 
nection with  it,  however,  had  been  that 
it  would  not  generally  prevail,  for  the 
very  obvious  reason  that  it  was  more  or 
less  a  special  lamp.  The  ordinary  vertical 
filament  had  the  distinct  advantage  that 
it  was  a  uniform  type  of  filament  for 
])ractically  all  sizes  and  types  of  lamps. 
The  straight  filament  also  enabled  the 
bowl  form  of  reflectors  to  be  used  more 
advantageously,  and  the  distribution  of 
the  illumination  could  be  insured  very 
much  more  positively'  than  with  such  a 
spiralised  concentrated  filament  form  of 
lamp.  As  long  as  the  efficiency  was  not 
improved  the  straight  filament  holds  the 
field.  The  greater  intrinsic  brilliancy  of 
the  half-watt  lamp  was  justified  by  the 
change  in  the  efficiency,  but  with  the 
spiralised  filament  vacuum  lamp  there  was 
no  gain  in  efficiency  ;  indeed,  the  actual 
efficiency  was  lower  than  for  the  ordinary 
lamp.  Further,  being  a  spiralised  fila- 
ment it  was  bound  to  be  mucli  hotter,  and 
consequently  the  life  would  be  shorter. 

He  could  not  understand  how  it  was 
that  Professor  Morris  had  secured  a 
better  illumination  with  -lO-w^att  spiralised 
filament  vacuum  lamps  than  with  a  60- 
watt  straight  filament  vacuum  lamp. 
There  could  not  be  a  greater  total  illu- 
minating effect,  and  he  could  only  explain 
it  on  the  basis  that  Professor  Morris  had 
merely  increased  the  downward  light  by 
the  type  of  reflectors  that  he  used.  AVhile 
it  was  not  possible  to  increase  the  total 
light,  it  was  possible  to  increase  the  light 
in  some  particular  direction.  However 
useful  these  lamps  might  be  in  special 
cases,  they  were  not  lamps  which  would 
be  universally  used  as  against  straight 
filaments  because  of  the  extra  cost, 
shorter  life,  and  other  disadvantages  such 
as  their  extreme  brilliancy,  which  made 
them  difficult  to  use  under  ordinary  con- 
ditions. If,  however,  there  was  some 
gain  in  efficiency  as  in  the  half-watt  lamp, 
then  the  change  in  the  tyjjc  of  filament 
was  justified,  and  this  brought  him  to  the 
subject    of   his   notes   dealing   with   the 


changes  which  the  half-watt  lamp  had 
brought  about  in  reflector  and  fitting 
design. 

It  was  fortunate  from  the  illuminating 
engineering  standpoint  that  the  new  half- 
watt  lamps  had  all  the  cpialities  whicli 
rendered  ordinary  incandescent  lamps 
the  most  convenient  type  of  lamjj  to 
manipulate. 

These  advantages  might  be  summarised 
as  follows  : — 

(a)  There  are  no  moving  parts  or 
mechanism,  and  the  half-watt  lamp 
neither  requires  nor  permits  adjustment. 

(b)  The  half-watt  lamp  is  supplied  and 
used  as  a  complete  article  without 
separate  parts. 

(c)  The  half-watt  lamp  is  equally 
satisfactory  on  either  alternating  or  con- 
tinuous current  service,  and  for  series  or 
multiple  ojjeration. 

(d)  The  half-watt  lamp  is  serviceable 
on  all  frequencies  of  alternating  current 
down  to  and  including  25  cycles. 

(e)  The  half-w^att  lamp  is  a  non-induc- 
tive load  (power  factor  100  per  cent.). 

(f)  The  half-watt  lamp  is  available  for 
any  voltage  from  25  volts  to  260  volts. 

((;)  The  half-w'att  lamp  is  made  in  a 
complete  range  of  sizes,  from  15  watts  to 
1,500  watts,  permitting  the  use  of  a 
number  of  distributed  lights  in  place  of 
large  arc  light  units  of  equivalent  candle- 
power,  a  condition  securing  the  ideal  for 
uniform  lighting. 

(h)  The  half-watt  lamp  can  readily  be 
adapted  in  reflectors  of  suitable  design  to 
secure  any  desired  distribution  or  concen- 
tration of  light,  especially  in  the  lower 
hemisphere,  and  the  filament  of  the  lamp 
is  shaped  so  as  to  materially  promote  this 
feature. 

(i)  The  light  of  the  half-watt  lamp  is 
steady,  soft,  uniform,  and  of  a  most 
brilliant  quality  and  satisfactory  colour. 

(j)  The  half-w-att  lamp  is  silent,  simple, 
and  reliable,  and  relatively  to  other  high 
candle-power  lamps  is  inexpensive  in 
investment  or  first  cost. 

The  introduction  of  the  new  half-watt 
tungsten  lamps  will  compel  a  radical 
change  from  the  old  lighting  methods. 
The  very  high  intrinsic  brilliancy  of  these 
lamps  (some  eight-fold  greater  than  that 
of  the  ordinary  tungsten  lamp)  will 
enforce  proper  methods  of  obscuring  and 
diftusing  the  light,  as  the  light  in  general 
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<JL&   TEMPCiepTURE 
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Showinti  distribution  of  temperature  in 
ordinary  (vacuum)  tungsten  lamps  and 
halt-watt  (ti'as  filled)  lamps. 
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Haif-Watt  Lamp 

Elevation 


Half-Watt  Lamp 
prujacLoi-  Type 


Half  -Watt  Lamp     CSmall  S;zp^ . 
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American  Series  Lamps      Half-NA/abt; 
Types  of  half-watt  lamp  filaments. 


Table,  Comparing  Temperatures  developed  in  ordinary  Tungsten  and 

Gas  FtLLED  ("Half-Watt")  Lamps,  as  determined  in  the   Engineering 

Department,  National  Lamp  Works,  U.S.A. 


Lamp  Wattage. 

Minimum  Bulb 

Temperature 

in  Degrees 

Fahrenheit. 

Room  70°. 

Bulb  Tempera- 
ture at  Cap 
in  Degrees 
Fahrenheit. 
Room  70°. 

T^'pe  of  Lamp  Holder,  and 

Wire  Temperature  in  Degrees 

Fahrenheit.     Room  70°. 

Metal  Filament  Lamps  : — 

Vacuum  Type : — 
100 

152 

105 

Standaid  brass  E.S.  holder. 

150 

157 

120 

Brass  holder. 

250 

245 

140 

Brass  holder. 

"  Half- watt"  Type  : — 

100 

223 

110 

.Standard  brass  E.S.  holder. 

200 

265 

150 

Brass  holder. 

300 

260 

104 

Porcelain  Goliath  holder. 

400 

327 

164 

Do. 

500 

360 

175 

Do. 

750 

317 

170 

Do. 

1000 

353 

190 

Do. 

18 


THE  ILLUMINATING  ENGINEER  (jan.  1916) 


is  too  painful  to  be  used  exposed  in  the 
objectionable  and  harmful  way  in  which 
the  ordinary  tungsten  lamps  are  so  fre- 
quently employed.  In  a  sense,  therefore, 
the  new  lialf-watt  lamps  will  prove  an 
excellent  aid  to  the  cause  of  illuminating 
engineering  and  good  lighting  methods. 
We  have  at  last  come  to  a  type  of  incan- 
descent lamp  which  does  not  permit  being 
substitiited  for  existing  lamps  in  the  old 
style  fittings  and  reflectors  as  the  ordinary 
tungsten  lamp  was,  when  it  replaced  the 
carbon  lamp.  There  will,  therefore,  be  a 
very  radical  change  from  the  old  methods 
and  existing  antiquated  types  of  shades 
and  appliances,  and  the  substitution 
therefor  of  new  scientific  equipment, 
designed  for  use  with  these  latest  lamps. 

The  large  gains  in  efficiency  secured  by 
these  new  lamps  will  of  necessity  cause 
their  very  wide  adoption,  particularly  in 
industrial  plants.  We  are  therefore  face 
to  face  with  a  revolution  in  lighting  ap- 
pliances and  methods.  These  can  in 
general  be  stated  as  follows  : — 

(a)  The  raising  of  the  plane  of  illumina- 
tion to  10  or  12  feet  above  the  working 
plane — thus  approaching  more  equally 
daylight  conditions,  by  the  employment 
largely  of  general  illumination  instead  of 
purely  local  illumination  with  the  old 
methods  of  drop  cords  or  hand  lamps. 

(b)  The  obsolescence  of  the  ordinary 
arm  fitting  or  electrolier  or  chandelier, 
which  is  a  relic  of  the  old  gas  or  oil  flame 
days.  The  art  of  illumination  will  thus 
be  freed  from  the  trail  of  the  fittings  in- 
dustry with  its  large  masses  of  metal  in 
more  or  less  inartistic  groupings  of  arms 
and  branches,  and  the  opportunity  given 
of  substituting  the  more  pleasing  and 
beautiful  form  of  bowls  or  spheres  or 
dishes  and  urns  of  alabaster  or  attractive 
diffusing  glass  ware. 

(c)  The  obsolescence  of  the  old  ordinary 
conic  opal  (open  mouth)  shade.  This 
])articular  appUance  is  the  bete  noir  of 
illuminating  work  throughout  Great 
Britain,  and  the  half-watt  lamp  is  con- 
ferring a  Vjlessing  of  marked  degree  in 
banishing  this  uncoiith,  inefficient  ap- 
pliance which  obstructs  and  mars  the 
inside  of  most  of  the  offices  and  public 
buildings  and  other  interiors  in  Great 
Britain. 

(d)  The  adoption  of  some  form  of  bowl 
or  dish  fitting  of  translucent  glass  (semi- 


indirect  lighting)  or  an  opaque  bowl  (in- 
direct lighting)  to  distribute  and  diffuse 
the  light  and  screen  the  direct  rays.  The 
beauty,  comfort,  and  general  agreeable- 
ness  and  effectiveness  of  indirect  and 
semi-indirect  lighting  becomes  generally 
available  through  the  high  efficiency  and 
volume  of  light,  of  these  new  half-watt 
lamps.  In  brief,  the  half-watt  lamp 
enables  us  to  approach  the  daylight  con- 
ditions by  the  wider  employment  of  that 
general  illumination  which  indirect  and 
semi-indirect  lighting  gives. 

(e)  As  the  half-watt  lamp  is  employed 
in  large  sizes,  100  watt  and  over,  and  is 
more  efficient  in  the  still  larger  sizes  of 
300  watt  and  over,  there  will  be  a  ten- 
dency to  eliminate  "  cluster  lighting," 
groups  of  small  lamps,  the  arm  fitting,  &c., 
which  will  be  replaced  by  a  single  lamp  of 
suitable  size  in  the  proper  design  of 
equipment  of  bowl  or  dish. 

(r)  Furthermore,  the  ordinary  open 
flame  arc  lamp  and  enclosed  arc  lamps  to 
a  great  extent  will  be  supplanted  by  the 
new  half-watt  lamp,  owing  to  the  decided 
advantages  of  simplicity,  general  adapta- 
bility and  freedom  from  care  and  attention 
which  the  half-watt  lamp  secures. 

Certain  specific  changes  in  design  have 
been  occasioned  by  the  coming  of  the 
half-watt  lamps,  namely  : — 

(1)  The  greater  concentration  of  the 
light-source  in  the  form  of  a  more  com- 
pact filament,  subtending  a  much  smaller 
vertical  angle  than  the  ordinary  filament, 
requires  that : — 

(a)  Greater  care  and  skill  must  be 
expended  on  the  design  of  reflecting 
surfaces  in  order  to  ensure  that  the  de- 
sired distribution  curve  is  obtained. 

(b)  The  position  of  the  filament  with 
regard  to  the  reflector  needs  to  be  de- 
termined more  accurately  than  in  the 
case  of  an  ordinary  filament  as  a  slight 
displacement  up  or  down  makes  a 
much  greater  difference  ;  to  meet  this 
requirement  an  adjustment  enabling 
the  lamp  to  be  moved  up  and  down  to 
its  correct  position  is  needed  and  is 
embodied  in  modern  types  of  reflectors. 

(2)  The  heat  generated  in  the  half -watt 
lamp  is  exceptionally  great,  partly  owing 
to  the  larger  volume  of  energy  concen- 
trated in  a  given  space,  and  partly  to  the 
fact  that  the  gaseous  contents  of  the  bulb 
conduct  the   heat  very  readily  to  sur- 
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(a)  Types  of  old  fashioned  fittings  which  the 
half-watt  lamp  lias  caused  to  be  superseded 
by  improved  scientific  designs  of  fittings,  such 
as  the  following. 


(b)    Ball  fitting  with         Semi-indirect    fitting 
over  reflector.  witii  ornamental 

bowl. 


Semi-indirect  fitting.     Indirect  lighting  fitting. 


Street  Lighting  fitting. 


(c)    Sphere  fitting.  Semi-indirect  fitting. 


WeathcrpP'  ■.  li  l-mlcrn. 


A  FEW  EXAMPLES  OF  MODERN  FITTINGS  FOR  HALF-WATT  LAMPS. 

iMr.  F.  W.  Willcox). 
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rounding  objects.  Special  provision  must 
therefore  be  made  for  ventilation,  and  the 
wiring  must  be  carried  out  with  heat- 
proof insulation.  The  concentration  of 
heat  at  the  neck  of  the  bulb  makes  it  im- 
perative that  all  outdoor  fittings  should 
be  weatherproof,  as  well  as  adequately 
ventilated. 

(3)  As  a  general  rule  half-watt  lamps 
nuLst  be  burned  in  a  pendant  position,  and 
fittings  must  be  designed  accordingly. 
(An  exception  nuiy  be  made  in  the  case 
of  some  of  the  smaller  sizes  which  utilise 
filaments  shaped  in  a  horizontally  situated 
ring ;  these  may  be  burned  upside 
down). 

(4)  The  concentration  of  light  in  a 
smaller  filament  has  increased  the  diffi- 
culties of  design  in  certain  types  of  re- 
flectors. An  instance  is  afforded  by  the 
special  extensive  reflectors  designed  for 
street  lighting ;  it  is  very  difficult  to 
design  a  suitable  reflector  of  this  kind  for 
the  half-watt  lamp,  and  recourse  must  be 
had  to  the  use  of  a  deflector  under  the 
filament  or  to  a  special  refracting  globe 
(such  as  the  Holophane  refractor)  in  order 
to  secure  the  high  component  at  a  small 
angle  below  the  horizontal. 

(.5)  The  greater  concentration  of  fila- 
ment, besides  making  shading  necessary 
in  order  to  diminish  the  high  intrinsic 
brilliancy,  also  gives  rise  to  harsher 
shadows  ;  for  this  reason  also  suitable 
methods  of  dift'using  the  light  are  needed. 

The  design  of  lighting  units  to  comply 
with  all  these  requirements  is  no  easy 
matter.  In  general  the  increased  effi- 
ciency of  the  half-watt  lamp  should  result 
in  a  diminution  in  the  size  and  bulk  of  the 
fitting  for  a  given  output  of  light.  In 
particular  it  should  be  noted  that  the 
development  of  this  type  of  lamp  means  a 
new  era  in  illumination,  and  must  give 
rise  to  new  methods.  Just  as  "  new  wine 
cannot  be  put  into  old  bottles,"  so  these 
new  lamps  cannot  be  effectually  used  with 
old  types  of  fittings.  New  units  are  being 
introduced,  and  the  methods  employed  in 
lighting  various  classes  of  interiors  must 
undergo  considerable  modification.  At 
the  present  time,  when  the  publication  of 
the  Home  Office  Report  on  Factory  Light- 
ing has  emphasised  the  economic  and 
hygienic  value  of  good  illumination,  these 
new  appliances  should  be  a  valued  weapon 
in  the  hands  of  the  illuminating  engineer. 


Mr.  W.  R.  Cooper  expressed  the  hope 
that  Mr.  MuUard  would  be  able  to  give 
a  few  more  particulars  of  his  lamp,  and 
some  further  statement  of  the  advantages 
as  compared  with  the  ordinary  incan- 
descent lamp.  The  latter  required  stating 
a  little  more  fully  because  it  was  a  more 
comj^licated  lamp  ;  he  would  like  to 
know,  for  instance,  how  high  the  candle- 
power  could  go,  and  what  the  life  was 
likely  to  be.  Intrinsic  brilliancy  was  a 
difficulty  in  gas  filled  lamj^s.  Would  it  be 
possible  to  include  a  reflector  of  unglazed 
porcelain  above  the  filament  in  the  bulb 
without  seriously  interfering  with  the 
maintenance  of  a  good  vacuimi  ?  If  so, 
this  would  give  relief.  A  polar  diagram 
of  a  lamp  by  itself  would  be  of  very  little 
value  because  lamps  are  always  used  with 
reflectors. 

Probably  the  proper  course  would  be 
for  the  makers  to  develop  certain 
reflectors  which  they  considered  satis- 
factory, and  to  supply  polar  diagrams 
of  the  lamp  and  reflector.  In  that  way 
people  would  know  what  they  were  getting, 
'  and  the  sort  of  shade  they  should  use. 

He  was  interested  in  Professor  Morris's 
remarks  as  to  platform  lighting,  and  par- 
ticularly in  regard  to  balance  lighting. 
He  himself  had  recently  designed  a  fitting 
for  lighting  chemical  balances,  and  this 
ap2:)eared  to  him  simpler  than  Professor 
Morris's  method.  As  seen  by  the  accom- 
panying drawing  a  small  tubular  lamp 
(which  might  have  to  be  a  carbon  lamp 
for  the  higher  voltages)  was  used  in  a 
metal  shade.  The  shade  was  closed  at 
either  end,  and  was  carried  down  a  certain 
distance  in  front  so  as  to  screen  the  lamp 
entirely  from  the  eyes.  The  shade  was 
conveniently  made  of  bright  lacquered 
brass,  and  one  end  of  it  carried  the  lamp 
holder.  Since  heating  of  the  balance 
must  be  avoided  in  accurate  work  the 
shade  was  carried  by  a  bracket  at  the 
height  shown,  and  might  be  ventilated. 
The  bracket  was  hinged  so  that  it  could 
be  thrown  back  and  thus  cause  no 
obstruction  to  daylight  working.  By 
having  the  shade  in  the  position  indicated 
perfect  illumination  was  obtained  of  both 
the  beam  and  the  lower  scale  without 
the  necessity  of  any  reflecting  surfaces 
within  the  balance  case.  He  thought 
it  was  undesirable  to  introduce  such 
reflectors  if  thev  could  be  avoided. 
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Mr.  A.  CUNNINGTON  (L.  &  S.W. 
Railway  Co.)  said  he  had  hoped  that 
Professor  Morris  would  have  given  more 
particulars  in  connection  with  half- 
watt  lamps,  such  as  mean  spherical 
candle-power  and  candle-power  in  certain 
directions.  Possibly  a  polar  curve  might 
be  of  use  although  as  Mr.  Cooper  had 
pointed  out  it  would  not  be  of  much  value 
if  it  only  referred  to  the  lamp  and  not 
to  the  reflectors.  There  seemed  to  be 
much  doubt  as  to  exactly  what  candle- 
power  was  referred  to  in  rating  half- 
watt  lamps.  He  would  like  to  know 
if  the  efficiency  of  065  watts  per  candle 
for  the  half-watt  lamp  in  the  table  shown 
by  Prof.  Morris  was  based  on  the  mean 


while  actually  to  under-run  slightly 
even  if  the  maximum  efficiency  was  not' 
obtained.  There  was  obviously  a  theo- 
retical point  of  maximum  economy  in 
the  running  of  lamps,  with  a  given  price 
for  current  and  renewals,  and  possibly 
Prof.  Morris  could  throw  some  light  on 
this  subject. 

Mr.  E.  Stroud  said  he  had  listened  to 
Professor  Morris's  remarks  with  great 
interest. 

He  failed  to  see  the  advantages  of  lamps 
with  their  filaments  so  designed  as  to 
throw  the  light  downwards  without  the 
aid  of  a  reflector,  as,  whilst  this  form  of 
lamp  gives  a  greater  candlepower  than  the 
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spherical  candle-power,  the  mean  hemi- 
spherical, the  vertical  or  the  horizontal. 
Another  point  was  the  question  of  under- 
running  half-watt  lamps.  The  relation- 
ship between  voltage  and  life  was  said 
to  be  such  that  very  slightly  over- 
running the  lamps  considerably  shortened 
the  life,  and  in  actual  practice  he  had 
found  this  to  be  so.  Owing  to  fluctuations 
of  voltage,  certain  lamps  under  his  control 
had  had  to  be  renewed  very  frequently, 
the  reason  being  the  close  proximity 
of  an  anti-aircraft  searchlight  installation 
which  had  caused  the  pressure  of  supply 
to  be  very  erratic.  With  half-watt 
lamps  one  could  not  afford  to  look  upon 
cost  of  current  as  the  only  thing  of 
importance.  Maintenance  was  a  very 
serious  matter  when  each  lam])  cost  a 
sovereign,  and  in  order  to  guard  against 
the  loss  of  a  lamp  through  a  temporary 
rise  in  voltage,  it  appeared  to  be  worth 


straight  form  of  filament  directly  under 
the  lamp,  it  must  of  necessity  give  a  corres- 
ponding value  directly  above,  which  to  a 
great  extent  cannot  be  collected  by 
reflectors  and  utilised  in  an  efficient 
manner,  being  lost  in  lamp-cap  and  fitting. 

It  is  generally  agreed  that  one  must  use 
some  form  of  reflector  with  any  lamp  to 
obtain  maximum  efficiency  and  avoid- 
ance of  glare,  and  the  best  forni  of  fila- 
ment is  one  which  enables  the  reflector 
to  collect  the  majority  of  the  rays  above 
the  60  degree  zone,  which  otherwise  would 
be  wastefully  em])loyed. 

Professor  Morris  also  stated  that  the 
new  spiral  wound  filaments  similar  to  the 
"  half-watt  "  tyj)es  altered  the  character- 
istic distribution  of  existing  reflectors 
now  on  the  market.  This  is  not  the  case 
(at  least  with  Holo])hane  Reflectors),  as 
with  the  smaller  size  of  filaments  the 
curves  with  the  reflectors  are  accentuated 
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to  a  marked  degree,  but  are  not  altered 
in  general  character.  That  is  to  say  an  E, 
I  or  F  type  of  reflector  remains  of  the  same 
type,  and  the  spacing  is  unaltered. 

As  light  sources  get  more  concentrated 
(or  smaller)  so  will  it  be  possible  to  get 
still  more  efficient  reflection  with  pris- 
matic glassware. 

To  get  these  curves  one  must  necessarily 
make  suitable  modifications  in  holders 
and  galleries,  and  insure  the  correct 
position  being  taken  up  by  filament  to 
reflector.  He  quite  agreed  with  IVIr. 
Willcox  that  the  position  of  the  filament 
in  relation  to  the  reflector  with  the  new 
form  of  winding  is  of  much  greater 
importance  than  it  was  with  the  old 
straight  type.  Any  steps  that  could  be 
taken  in  the  direction  of  standardising 
lamps  so  as  to  make  the  position  of  the 
filaments  uniform  would  be  a  great  advan- 
tage. 

Mr.  Willcox  mentioned  that  the  smaller 
sizes  of  bulbs  in  half-watt  lamps  enabled 
smaller  reflectors  to  be  used.  This  is  so 
to  a  degree,  but  it  must  not  be  carried  too 
far,  as  it  has  to  be  remembered  that  the 
intrinsic  brilliancy  might  be  undesirably 
high,  and  he  thought  with  the  half-watt 
lamp  this  factor  would  have  quite  an 
important  influence  on  the  size  of  the 
unit.  The  very  high  value  (upwards  of 
5000  c.p.  per  square  inch)  for  this 
intrinsic  brilliancy  showed  how  very 
necessary  it  was  to  use  suitable  reflectors 
with  lamps  of  this  kind. 

Mr.  Leon  Gaster  said  that  the  greater 
range  of  candlepower  and  varied  distri- 
bution of  light  from  incandescent  lamps 
afforded  new  opportunities  to  the  illu- 
minating engineer,  and  made  it  important 
that  their  illuminating  power  should  be 
accurately  specified.  At  a  discussion  on 
this  subject  at  the  meeting  held  in  March, 
1915,  the  view  had  been  expressed  that 
the  mean  spherical  candlepower  should 
also  be  stated.  This  view  was  being 
taken  up  by  leading  Continental  lamp- 
makers.  For  example,  he  noticed  that 
a  two-page  announcement,  now  being 
issued  with  regard  to  a  new  type  of  small 
candlepower  gas-filled  lamp  laid  stress  on 
the  uncertainties  caused  by  existing 
methods  of  stating  candlepower,  and 
announced  the  intention  of  stating, 
beside  the  watts,  also  the  mean  spherical 


candlepower  in  future.  On  the  second 
page  of  the  announcement  the  following 
particulars,  among  others,  were  given  : — 


1 

Mean 

C.P.  in  an 

Voltage.     Watts. 

spherical 

axial 

C.P.  {ai> 

direction 

prox.  H.K.) 

(approx. 
U.K.) 

100—130 

40 

45 

55 

GO 

70 

85 

75 

90 

110 

100 

130 

160 

200—250 

75 

80 

100 

100 

110 

140 

This  is  in  accordance  with  the  practice 
largely  adopted  in  Germany  to  mark  the 
voltage  and  watts  on  the  lamp,  and  to 
give  in  the  literatm-e  also  the  approxi- 
mate mean  spherical  and  the  horizontal 
candlepower. 

The  invention  of  the  gas-filled  lamp 
was  doubtless  an  important  step  forward, 
and  it  was  interesting  to  observe  the 
transition  from  lamps  of  high  candle- 
power  and  low  voltage  to  low  candlepower 
and  high  voltage,  just  as  took  place  in 
the  case  of  the  ordinary  tungsten  lamp. 
He  hoped,  however,  that  manufacturers 
would  exercise  restraint  in  this  matter, 
and  not  unduly  push  forward  with  the 
low  candlepower  high  voltage  units  until 
an  adequate  life  was  obtainable.  In  his 
experience  the  life  of  these  units  was  less 
satisfactory  than  that  of  the  larger  types  ; 
in  cases  where  a  very  low  rate  for  elec- 
tricity could  be  obtained  there  was  little 
advantage  in  using  half-watt  lamps  unless 
a  life  of  at  least  600  hours  was  attained, 
otherwise  the  cost  of  maintenance  might 
be  too  high  to  enable  any  economy  to  be 
made.  It  must  also  be  remembered  that 
v^hen  comparatively  large  lighting  units 
are  employed  the  sudden  extinction  of  a 
lamp  illuminating  a  large  section  of  a 
room  was  often  highly  inconvenient, 
especially  where  delicate  manufacturing 
operations  were  in  progress. 

The  question  had  been  raised  whether 
lamps  with  specially  designed  filaments 
intended  to  give  different  light  distribu- 
tion should  not  be  more  widely  used. 
He  was  inclined  to  think  that  a  better 
solution  of  the  problem  was  to  rely  on 
the  variety  of  reflectors  now  available  for 
the  purpose  of  modifying  the  distribution 
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of  light  according  to  the  local  circum- 
stances, and  to  aim  at  the  production  of 
a  standard  type  of  lamp,  which  could  be 
gradually  perfected  and  cheapened  by 
manufacturers. 

The  recent  development  in  lamps  also 
made  it  necessary  for  the  public  to  receive 
guidance.  It  was  essential  for  lamp- 
makers  and  manufacturers  of  reflectors 
to  work  together,  so  that  the  lamp  and 
its  appropriate  reflectors  became  regarded 
as  "  one  unit,"  and  both  were  used  to  the 
best  advantage. 

In  this  connection  it  might  be  re- 
marked, as  a  matter  of  history,  that  to 
his  knowledge  the  Holophane  Co.  was  the 
first  in  this  country  to  establish  an 
illuminating  engineering  department,  and 
to  publish  in  their  catalogues  distribution 
curves  of  the  various  types  of  reflectors 
made  by  them,  and  to  give  advice  regard- 
ing their  use.  During  the  last  few  years 
several  of  the  leading  companies  have 
developed  illuminating  engineering  de- 
partments, and  are  doing  good  work  in 
helping  the  public  to  obtain  scientific 
illumination.  Progress  in  this  respect 
was  in  a  great  measure  due  to  the  de- 
velopment of  the  movement  in  this 
country,  which  had  been  steadily  educa- 
ting the  public  to  appreciate  the  claims 
of  good  illumination,  and  to  recognise  the 
need  for  discrimination  in  the  selection  of 
illuminants  and  the  proper  appliances  for 
use  with  them. 

As  an  instance  of  the  recent  advance  in 
lighting  values  it  was  interesting  to  quote 
some  figures  given  by  Mr.  P.  S.  Millar 
before  the  Illuminating  Engineering 
Society  in  the  United  States  in  1913  : — 


Year. 

Api^rox. 

average  C.P.  of  all 

incandescent  lamps  sold. 

1906     . . 

..     18 

1907     . . 

..     19 

1908     . . 

..     21 

1909     . . 

..     23 

1910     . . 

..     25 

1911      .. 

..     26 

1912     .. 

..     29 

1913  (estd.) 32 

These  figures  showed  very  clearly  that 
the  standard  of  illumination  during  the 
period  1906-13  had  almost  doubled,  and 
it  was  interesting  to  observe  that  the 
illuminating  engineering  movement  in 
the  States  was  initiated  in  1906,  and  had 
since  largely  influenced  the  progress  of 
lighting  in  that  coimtry. 


There  was  no  doubt  that  meetings  of  the 
Society,  by  making  clearer  the  require- 
ments in  connection  with  various  prob- 
lems in  illumination  (such  as  the  lighting 
of  schools,  libraries,  and  factories  and 
workshops  of  various  kinds),  and  by 
bringing  about  general  agreement  as  to 
the  chief  qualities  desirable  in  globes, 
shades,  and  reflectors,  had  given  a  great 
stimulus  to  the  efforts  of  manufacturers 
and  had  brought  about  a  more  discerning 
attitude  on  the  part  of  the  general  public. 
Many  of  the  improvements  of  recent 
years  were  to  be  traced  to  the  discussions 
at  meetings  of  the  Society. 

He  observed  that  within  the  last  few 
months  companies  had  taken  advantage 
of  the  issue  of  the  Home  Office  Depart- 
mental Committee's  Report  on  Factory 
Lighting  to  offer  the  services  of  their 
illuminating  engineering  departments  to 
the  public  in  planning  lighting  installa- 
tions in  factories.  But  it  must  be  agreed 
that  those  who  wished  to  assist  the  public 
should  themselves  be  kept  fully  informed 
of  the  latest  advances  in  the  subject,  and 
in  this  respect  the  platform  of  the  Illu- 
minating Engineering  Society  in  this 
country  was  undoubtedly  of  great  value 
to  those  concerned  with  illumination. 

Finally,  Mr.  Gaster  said  that  he  wished 
to  associate  himself  with  other  speakers 
in  congratulating  Mr.  Gimingham  and 
Mr.  MuUard  on  the  new  lam])  shown  that 
night  for  the  first  time,  which  appeared 
to  have  some  interesting  possible  applica- 
tions. 

Mr.  J.  S.  Dow  {communicated)  :  1  was 
much  interested  in  the  new  lamp  des- 
cribed by  Mr.  Mullard.  Some  time  ago 
I  made  some  experiments  in  conjunction 
with  Mr.  Mackinney,  on  a  suggested  form 
of  projection  arrangement  for  small 
lanterns  in  which  the  condenser  was 
replaced  by  an  elliptical  mirror.  It  was 
hoped  by  this  moans  to  improve  on  the 
enormous  inefticioncy  of  the  ordinary 
method  of  ])roje('tion.  A  small  incan- 
descent lamj)  was  ])laced  at  one  focus 
of  the  mirror,  the  idea  being  that  every 
ray  reflected  from  the  mirror  should  be 
collected  on  the  objective  lens,  which  was 
placed  at  the  other  focus,  the  lantern 
slide  being  situated  between  the  foci. 
The  arrangement  did  not  answer  for 
the    existing    form    of    fllament    chiefly 
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because  this  did  not  approach  sufficiently 
near  to  a  point,  with  the  result  that 
the  rays  were  not  satisfactorily  con- 
centrated at  the  second  focus  and  no 
great  gain  in  efficiency  was  secured. 
But  with  such  an  incandescent  source 
as  that  shown  by  Mr.  MuUard  the 
principle  might  be  worth  a  second  trial. 

With  regard  to  the  figure  for  the 
intrinsic  brilliancy  of  the  half-watt 
lanij)  it  is  somewhat  of  a  surprise  to  find 
this  so  high.  The  ratio  between  the 
intrinsic  brilliancies  of  the  ordinary 
tungsten  and  the  carbon  filament  lamp 
is  about  the  same  as  the  ratio  between 
their  efficiencies.  Seeing  that  the 
efficiency  of  the  half-watt  lamp  is  stated 
to  b^  about  twice  that  of  the  ordinary 
tungsten  filament,  one  would  have  antici- 
pated an  intrinsic  brilliancy  of  about  2,000 
candles  per  square  inch.  Even  if  there 
is  a  certain  loss  by  convection  and  con- 
duction of  heat  owing  to  the  gaseous 
atmosjihere  round  the  filament  it  seems 
rather  difficult  to  account  for  this  seem- 
ing discrepancy. 

The  Chairman,  in  winding  up  the  dis- 
cussion, said  that  the  first  slide  which  had 
been  put  upon  the  screen  by  Professor 
Morris  gave  an  exceedingly  interesting 
historical  re\aew,  but  it  did  not  state 
what  he  believed  was  the  absolute  truth, 
namely,  that  nearly  all  progress  with 
electric  lamps  was  due  to  the  indisputable 
circumstance  that  electricity  had  to 
compete  with  gas.  The  discoveries  in 
connection  with  each  system  of  lighting 
had  given  a  stimulus  to  the  other.  It  was 
the  discovery  of  the  principle  of  the  in- 
candescent mantle  by  Auer  von  Welsbach, 
in  Austria,  a  generation  ago,  which  im- 
proved gas  lighting  to  such  an  extent  that 
electric  fighting  was  bound  to  follow  suit 
or  be  displaced. 

The  historical  table  began  with  the 
lamp  associated  with  the  names  of  Edison 
and  Swan.  This,  however,  should  be 
Swan  and  Edison,  for  did  not  Swan  show 
an  incandescent  carbon  lamp  at  work  at 
a  lecture  given  in  Newcastle  on  December 
18th,  1878,  before  any  other  had  been 
shown  ?  And  was  it  not  shown  subse- 
quently in  the  very  room  in  which  this 
meeting  was  being  held,  where  also  so 
many  new  things  had  been  shown  for  the 
first  time  in  London,  many  years  af-o  ? 


Indeed,  that  particular  lamp  was  on  view 
this  evening. 

Many  years  after  the  carbon  lamp  had 
been  improved,  Nernst  brought  out  that 
stick  of  glorified  pipe-clay,  which  he  made 
into  the  Nernst  filament.  In  that  he  was 
indebted  unquestionably  to  Auer  von 
Welsbach,  because  Auer  used  in  his 
mantles,  but  in  different  proportions,  the 
very  same  rare  earth  which  were  after- 
wards applied  by  Nernst  in  his  filaments. 

Then  came  the  next  invention  in  electric 
lighting,  namely,  the  Osmium  lamp, 
utilising  a  very  rare  metal  again  intro- 
duced by  Auer  von  Welsbach,  a  metal 
whose  rarity  soon  compelled  inventors  to 
seek  for  other  materials.  This  no  doubt 
led  to  the  suggestion  that  tantalum  should 
be  used,  although  it  was  not  originally  so 
good  as  osmium  ;  and  afterwards  came 
the  tungsten  lamp.  A  few  years  ago 
much  was  heard  of  other  materials,  such 
as  those  introduced  into  the  zirconium 
lamp,  but  little  was  heard  of  this  material 
to-day.  He  did  not  see,  however,  why 
molybdenum,  or  an  alloy  of  this  metal 
with  tungsten,  which  is  closely  resembled, 
should  not  be  used.  It  was  quite  possible 
that  there  were  other  metals  which  had 
not  yet  been  fully  exploited,  and  might 
be  utilised  in  the  near  future. 

The  original  Swan  lamps  were  sold  at 
a  guinea  apiece  ;  they  eventually  came 
down  to  somewhere  in  the  neighbourhood 
of  5|d.  or  6d.  That  was  a  good  long  drop, 
and  he  was  wondering  when  the  tungsten 
lamp  would  fall  to  an}i:hing  like  that 
figure.  At  present  he  had  to  pay  2s.  2d. 
for  a  tungsten  lamp,  which  could  not 
possibly  cost  nearly  as  much  as  that  to 
manufacture,  and  he  was  looking  forward 
to  the  time  when  the  cost  to  the  user 
would  be  something  like  8d.  or  9d.  A 
little  competition  would  perhaps  hasten 
this  result.  The  cost  of  the  half -watt 
lamps  was  in  the  neighbourhood  of  £1  ; 
but  here  again  he  hoped  that  the  time 
was  not  far  distant  when  the  price  would 
fall  to  a  value  that  could  more  readily  be 
paid  by  the  humble  citizen.  WTiat  the 
cost  of  the  newest  lamp  Mr.  Mullard  had 
shown  he  supposed  was  not  known  as 
yet. 

Those  present  had  heard  incidentally 
of  problems  in  connection  with  the  photo- 
metry of  some  of  these  specially  shaped 
filaments,    and   the    question   had   been 
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raised  as  to  whether  the  candlepower 
should  be  expressed  in  terms  of  the 
horizontal,  mean  lower  hemi-spherical,  or 
mean  spherical  value.  No  one,  so  far  as 
he  recalled,  had  suggested  that  the  ex- 
ceedingly simple  method  of  obtaining  the 
mean  spherical  candlepower  through  the 
agency  of  the  Ulbricht  Globe,  or  some 
similar  chamber  with  white  walls,  which 
could  be  used  for  the  purpose. 

Returning  to  the  lamp  shown  by  Mr. 
Mullard,  he  was  much  struck  by  the 
novelty  of  the  principle  employed,  which 
was  exceedingly  interesting  from  a 
scientific  point  of  view  ;  he  felt  confident 
that  the  research  would  not  be  allowed  to 
remain  as  a  laboratory  experiment,  but 
would  be  carried  to  a  commercial  stage. 
Was  it  not  possible  that  they  had  that 
evening  witnessed  a  historical  event  ? 
Those  gentlemen  who  were  present  at  the 
lecture  delivered  by  the  late  Sir  Joseph 
Swan  at  Newcastle  in  1878,  must  have  felt 
afterwards  that  they  had  witnessed  the 
actual  making  of  history.  Possibly  those 
now  present  woiild  have  a  similar  experi- 
ence. 

In  conclusion,  he  had  much  pleasure  in 
proposing  a  hearty  vote  of  thanks  to 
Professor  Morris  for  his  exceedingly  in- 
teresting introduction  to  the  discussion  ; 
to  Mr.  Mullard  for  having  enabled  the 
meeting  to  see  this  new  lamp,  now  for  the 
first  time  shown  in  public  ;  and  to  Mr. 
Willcox  for  the  very  helpful  observations 
he  had  made ,  especially  in  regard  to  the  far- 
reaching  and  revolutionary  changes  being 
brought  about  by  the  half-watfc  lamp. 

Professor  J.  T.  Morris  (in  reply)  : — 
I  am  quite  in  agreement  with  Mr.  Willcox 
as  to  the  importance  of  the  exact  position 
of  the  shade  with  regard  to  the  lamp  ;  it 
was  in  fact  a  point  to  which  I  had  directed 
attention  in  the  short  synopsis  circulated 
before  the  meeting.  I  was  glad  to  learn 
from  him  that  some  manufacturers  are 
giving  this  matter  especial  attention. 
With  regard,  however,  to  the  ideal  dis- 
tribution of  light  from  a  lamp,  surely  this 
is  better  done,  as  far  as  possible  in  the 
first  instance,  by  a  proper  disposition  of 
the  filament,  for  it  is  obvious  that  when- 
ever light  has  to  be  redirected  by  a  shade 
or  reflector  some  must  inevitably  be  lost. 

Mr.  Willcox  made  much  of  the  half- 
watt  lamp  and  a  new  series  of  reflectors 


designed  for  use  with  it.  One  cannot  but 
admire  the  skill  which  has  been  brought 
to  bear  in  the  design  and  production  of 
these  reflectors.  We  must  not,  however, 
forget — as  Mr.  Gaster,  Mr.  Cunnington, 
and  others  pointed  out — that  unless  ex- 
perience shows  that  a  reasonable  length  of 
life  can  be  expected  from  half-watt  lamps 
the  result  in  the  long  run  will  be  far  from 
proving  a  commercial  success,  owing  to 
the  high  cost  of  lamp  renewals. 

Mr.  Willcox  seemed  sceptical  as  to  my 
results  obtained  by  the  change  from 
straight  filament  to  spiral  filament 
tungsten  lamps  of  the  vacuum  type.  I 
can  only  assure  him  that'these  results  have 
been  obtained  under  commercial  con- 
ditions over  a  period  of  nearly  two  years, 
and  relate  to  some  two  or  three  hundred 
points. 

I  was  much  interested  in  Mr.  Cooper's 
arrangement  for  lighting  a  chemical 
balance,  which  certainly  possesses  the  ad- 
vantage of  flexibility.  It  is,  however, 
open  to  the  objection  that  it  is  a  special 
device,  whereas  in  my  arrangement  both 
lamp  and  bracket  are  stock  articles  and 
simply  laid  on  the  top  of  the  balance  ; 
the  lamp  used  also  has  a  metal  filament, 
and  therefore  for  the  same  candlepower 
does  not  give  out  so  much  heat.  There  is 
also  the  further  objection  that  in  the  case 
of  my  balance  Mr.  Cooper's  arrangement 
would  be  inapplicable  owing  to  obstruc- 
tion from  the  woodwork  on  the  top  of  the 
balance. 

In  reply  to  Mr.  Cunnington 's  question, 
the  results  for  the  half-watt  lamp  (1,490 
watts),  given  in  Table  II.,  are  based  on 
the  horizontal  candlepower,  and  yield  an 
efficiency  of  0"58  w/cp. 

Mr.  Cunnington  suggested  that  it  might 
be  economical  to  imder  run  half-watt 
lamps;  and  in  this  I  am  inclined  to  agree 
with  him,  and  especially  in  the  case  of  the 
higher  voltage  low  candle])()wer  lam])r,. 

The  experience  which  I  liave  had  tends 
to  confirm  Mr.  Stroud's  oi)inion  that  the 
alteration  in  the  ])olar  curve  of  light  dis- 
tribution in  changing  to  the  sjiiral 
tungsten  (excluding  the  half-watt)  lamp, 
though  inapj)reciable,  is  not  serious  if  the 
lamps  are  sufficiently  closely  spaced. 

On  the  whole,  tlie  views  expressed  by 
the  various  contributors  to  the  discussion 
have  confirmed  me  in  the  belief  that 
tungsten  lamps  of  the  vacuum  type,  which 
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mainly  send  their  rays  downwards  should 
be  more  widely  used  in  cases,  of  which 
there  are  many,  in  which  a  horizontal 
surface  has  to  be  lighted.  Also  with 
regard  to  half-watt  lamps,  though  these 
are  satisfactory  when  in  large  sizes  and 
used  with  suitable  fittings,  they  should  be 
used  in  the  smaller  sizes  with  caution 


until  greater  reliability  in  their  perform- 
ance is  obtainable. 

In  view  of  Dr.  Silvanus  Thompson's 
remarks  I  have  added  some  particulars  of 
Osmium  lamps  to  the  tables  so  as  to 
render  them  more  complete.  I  should 
like  also  to  express  my  appreciation  of  his 
kindness  in  presiding  on  this  occasion. 


OVERHEAD   SHOP  LIGHTING. 

The  illustration  below  was  sent  us 
some  time  ago  by  Mr.  J.  L.  Stair,  of  the 
National  X-Ray  Co.,  of  Chicago.  It 
illustrates  the  value  of  lighting  shops 
on  the  overhead  system,  so  that,  in  spite 
of  the  })resence  of  a  considerable  amount 
of  belting,  the  space  is  left  clear,  and  the 
distribution  of  a  strong  general  illumina- 
tion   enables    all    the    details     of     the 


and  local  lights,  each  bench  having  three 
small  16  c.p.  lamps. 

Now  the  ceiling  lighting  does  everything 
that  is  required  and  there  is  said  to  be  a 
considerable  saving  of  time  owing  to  the 
fact  that  the  workman  is  no  longer 
obliged  to  adjust  his  lamps  to  every  new 
position  he  assumes,  as  was  formerly 
the  case. 

While  ceiling  lighting  on  this  principle 


machinery  to  be  clearly  seem.  In  this 
case  the  effect  of  the  opaque  reflectors 
on  the  ceiling  is  evidently  assisted  by 
the  white  walls. 

The  room  is  116  ft.  long,  50  ft.  wide 
and  13  ft.  high  and  is  lighted  by  40 
100-watt  lamps  in  Bee  Hive  reflectors 
spaced  10  ft.  apart  and  9  ft.  above 
benches.  Formerly  the  room  was 
lighted  by  a  combination  of  arc  lamps 


is  conducive  to  a  good  general  illumina- 
tion, it  is  also  ajiplicable  in  cases  of 
"  localised  general  "  lighting  when  it  is 
desired  to  concentrate  more  light  at 
some  points  than  others  owing  to  the 
presence  of  particular  machinery ;  the 
desired  accentuation  of  illumination  at 
certain  points  is  readily  accomplished 
by  using  a  higher  candlepower  lamp 
at  that  spot. 
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SHORT    NOTES 

ON 

ILLUMINATING    ENGINEERING. 


WAR   LIGHTING. 

(From  a  recent  issue  of  The  Gas  World.) 

Street  lighting  in  Glasgow  is  to  be 
reduced  to  not  more  than  60  per  cent, 
of  what  it  is  at  normal  times,  in  accord- 
ance with  an  order  issued  by  the  military 
authorities.  The  order  also  applies  to 
shop-front  lighting,  &c. 


Complaints  of  insufficient  street  light- 
ing were  made  at  a  meeting  of  the 
Huddersfield  Town  Council  on  the  20th 
inst.  Mr.  R.  Mitchell,  Chairman  of  the 
Gas  Committee,  in  reply,  said  that  it 
had  been  decided  that  every  other  lamp 
should  be  lighted  and  those  at  street 
corners  wherever  possible.  He  thought, 
however,  if  economy  was  intended, 
it  was  false  economy.  If  it  were  a 
precaution  against  air  raids,  it  was 
futile.  The  only  way  to  provide  against 
air  raids  was  to  extinguish  all  the  lamps. 
The  Mayor  said  the  saving  of  coal  was  a 
great  consideration,  and  the  Council 
had  no  business  to  waste  anything  at 
l)resent. 


The  Car-luke  sub-committee  of  the 
Upper  Ward  District  Committee  of  the 
Lanark  County  Council  have  refused 
to  take  the  advice  of  the  Committee 
and  reduce  the  public  lighting  for  the 
sake  of  economv. 


Liverpool  is  at  present  lighted  by  the 
following  lamps  : —  Incandescent  gas, 
12,613  ;"  flat-flame,  2,677  ;  electric,  551  ; 
and  oil,  93.     This  shows  a  large  reduction, 


due  to  the  decision  of  the  Lighting 
Committee  to  fall  in  with  the  suggestion 
of  the  Government  to  curtail  the  street 
lighting  with  a  view  of  effecting  economies. 
The  number  of  gas  lamps  not  lighted 
are  : — Old  city.  -1,329  ;  surburban  areas, 
2,879;  total,  7,208.  The  whole  of  the 
electric  arc  lighting  has  been  discontinued 
at  the  request  of  the  Mersey  defence 
authority.  The  number  of  electric 
lamps  has  fallen  from  1,129  last  year  to 
551. 


In  Macclesfield,  as  in  so  many  other 
towns,  there  are  complaints  about  the 
want  of  light  in  the  streets.  There  was 
a  discussion  on  this  matter  (without  any 
result)  at  the  last  meeting  of  the  Council. 
A  member  expressed  the  opinion  of 
many  others  in  saying  that  they  were 
certainly  not  carrying  out  anything 
that  would  prevent  a  raid,  and  were 
causing  themselves  a  lot  of  inconvenience 
and  trouble.  Another  declared  that  if 
the  restriction  was  carried  out  for  the 
])urpose  of  saving  expense,  then  it  was  a 
foolish  saving. 


ERRATA. 

Wc  observe  that  througli  a  clerical  error  the 
name  of  Mr.  W.  F.  Little  (who  co-operated  with 
Dr.  Clayton  PL  Sharp  in  a  paper  on  a  Com- 
pensated Test  Plate  for  Illiniiiiiation  Photo- 
meters read  at  the  recent  Convention)  was 
incorrectly  .qiven  as  "  Mr.  T.  J.  Litle  "  on  p.  444 
in  the  IlliiiuiiiatiiigEiigiiiccr  for  November  1915. 

With  reference  to  the  note  on  a  Series  of 
Lectures  on  Illuminating;  Kngineerin.^  on  p. 
457  in  the  same  issue,  we  now  understand  that 
the  University  of  Philadelphia  has  invited  the 
American  Illuminatini.;  Ensiineerinji  Society  to 
hold  the  course  of  lectures  at  that  institution. 
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SEARCHLIGHTS   FOR   THE 
ILLUMINATION  OF  BATHING  PLACES 

For  several  years  the  authorities  in 
Chicago  have  been  trpng  to  promote 
the  use  of  the  22  miles  of  frontage  on 
Lake  Michigan  for  recreation,  and  it  is 
largely  used  in  the  season  for  bathing. 

There  are,  however,  many  people  in 
Chicago  who  can  only  get  free  from  their 
business  at  night  time — in  fact,  fully 
90  per  cent,  of  the  patrons  of  these  bath- 
ing places  are  engaged  until  after  5 
o'clock  or  later,  so  that  they  can  only 
make  use  of  the  beaches  about  dusk. 
Several  accidents  have  occurred  which 
could  probably  have  been  prevented 
in  the  day-time.  Moreover,  there  has 
been  a  tendency  for  the  rowdy  element 
in  the  population  to  behave  in  a  dis- 
orderly manner  under  cover  of  darkness. 

According  to  the  Electrical  Revieic  and 
Western  Electrician,  experiments  are  now 
being  made  with  artificial  illumination, 
so  that  the  beach  can  be  used  with  the 
same  facility  as  in  the  day.  At  present 
it  has  been  found  practicable  to  illuminate 
sections  of  the  beach  with  projection 
arc  lamps,  whose  position  was  so  selected 
that  sands  and  water  are  flooded  with 
a  soft  light  and  there  is  practically  no 
glare.  It  is  believed  that  this  method 
will  be  used  regularly  on  the  beaches 
next  summer.  It  is  possible,  however, 
that  gas  filled  incandescent  lamps  will 
be  substituted  for  the  arcs. 

NIGHT  ILLUMINATION  OF  A  SWIMMING 
POOL. 

The  Delmar  Swimming  Pool  at  St. 
Louis  has  recently  been  illuminated 
artificially  by  electric  light  and  the  installa- 
tion was  described  in  the  Electrical  World. 
Five  hundred  watt  lamps  (tungsten)  are 
suspended  on  cables  hung  across  the 
pool.  This  pool  is  very  popular  during 
the  summer  and  the  new  lamps  have 
been  receiving  a  great  deal  of  attention. 
Swimming  during  the  night  time  is 
becoming  quite  a  popular  pastime. 


STANDARDISING  POCKET  LAMPS. 

We  note  that  the  Elelirotechnische 
Zeitschriff  for  May  27th  contains  an 
article  discussing  the  standardisation  of 
small  pocket  lamps  The  figures  given 
for  the  life  of  such  appliances,  which 
depend  on  the  capacity-  of  the  lattery, 
are  often  very  vague. 

In  order  to  define  this  more  precisely 
it  is  suggested  that  the  life  of  a  pocket 
battery  should  be  defined  as  the  time 
during  which  a  discharge  of  0*2  amp. 
through  the  lamp  reduces  the  voltage 
of  the  battery  from  i'o  to  1"8.  After 
this  the  battery  must  be  renewed  though 
in  an  emergency  it  might  be  possible  to 
carry  the  discharge  down  to  1*5  volts. 
If  the  lamp  is  only  used  intermittently, 
for  short  flashes,  the  life  would  probably 
be  50  per  cent,  greater. 

INVISIBLE  SANDBAGS. 

On  other  occasions  we  have  mentioned 
instances  of  the  important  role  played 
by  the  visibility  of  distant  objects  in  the 
present  war.  For  example,  the  question 
of  designing  uniforms  of  soldiers  so  as 
to  be  as  inconspicuous  as  possible  has 
been  discussed,  and  it  is  well  known  that 
ships  and  forts  are  painted  in  a  special 
manner  in  order  to  render  them  indis- 
tinguishable at  a  distance. 

Another  interesting  example  was  quoted 
in  a  recent  issue  of  the  Times.  An  ofiicer 
at  the  Front  draws  attention  to  the  way 
the  sandbags  were  arranged  in  the 
German  trenches.  It  appears  that  the 
Germans  have  adopted  the  device  of 
using  a  few  dark  coloured  sandbags  at 
intervals  among  the  lighter  ones,  so  as  to 
produce  a  sort  of  patchwork.  As  a  result 
it  is  quite  difficult  to  determine  their 
loopholes.  A  man  may  fire  away  at  a 
supposed  loophole  for  hours^  only  to 
discover  that  he  has  been  wasting 
ammunition  on  a  sandbag. 

It  has  also  been  suggested  that  the 
explanation  of  these  variegated  colours  lies 
in  the  fact  that  the  Germans  are  short  of 
the  materials  ordinarily  used  for  making 
sandbags.  However  this  may  be,  it 
would  appear  from  the  above  experience 
that  the  use  of  this  patchwork  device  is 
a  happy  one,  and  might  lead  to  the 
saving  of  a  great  many  lives  in  the 
course  of  a  campaign. 
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THE    DEVELOPMENT    OF    ELECTRIC 

INCANDESCENT  LAMPS   FROM 

1908  TO  1914. 

A  RECENT  article  by  X.  Remy  in  the 
Bulletin  of  the  Association  Suisse  des 
Electriciens  (No.  12,  December  1915),  con- 
tains some  notes  on  the  testing  and  rating 
of  electric  incandescent  lamps.  Of  special 
interest  is  the  diagram,  reproduced  here- 
with, showing  the  life  of  lamps,  as  deter- 
mined at  the  Testing  Station  of  the 
Association  Suisse  des  Electriciens,  and 
published  at  the  Exhibition  in  Berne  in 
1914. 
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F"lG.  1. — Comparison  of  life  of  metal  iilamcnt 
lamps  during  the  years  190X  -  1914. 

Considerable  progress  was  made  from 
1908  to  1910,  but  until  1913  no  further 
great  advance  was  made.  After  this  year, 
however,     the     introduction     of    drawn 


tungsten  wire  in  place  of  squirted  filaments 
led  to  a  distinct  imjjrovenient,  as  shown 
by  the  1914  curve.  It  is  stated  that  80 
per  cent,  of  the  present  lamps  attain  a 
life  of  not  less  than  1,000  hours. 

The  author  also  discusses  the  develop- 
ment of  special  forms  of  lamps,  concen- 
trating the  light  in  particular  directions. 
He  gives  a  series  of  diagrams  illustrating 
the  variation  met  with  in  distribution  of 
light.  On  the  whole,  he  thinks  that  the 
development  of  sjjecial  filaments  of  this 
kind  is  hardly  worth  while,  seeing  that  in 
any  case  they  must  be  used  with  appro- 
priate reflectors.  Consequently  it  seems 
unnecessary  to  shaj^e  the  filaments  with  a 
view  to  producing  special  polar  curves  of 
light-distribution,  and  it  seems  better  to 
adopt  a  uniform  type  of  filament  and  to 
rely  on  the  reflectors  to  produce  any  par- 
ticular direction  of  light  that  may  be 
needed  in  j^ractice.  The  adoption  of  a 
standard  form  of  filament  enables  makers 
to  concentrate  on  this  model,  and  thus  to 
bring  it  to  a  greater  stage  of  uniformity 
and  perfection. 

However,  seeing  that  such  variations 
exist,  and  that  further  diversity  in  distri- 
bution of  light  is  introduced  in  the  new 
''  half- watt  "  lamps,  it  seems  that  the 
most  rehable  method  of  specifying  their 
illuminating  value  is  to  give  the  mean 
spherical  candlepower.  The  testing  of 
this  value  is  less  simple  than  the  deter- 
mination of  horizontal  candlepower,  but 
the  factor  connecting  these  two  quantities 
varies  within  small  limits  for  the  same 
type  of  lamp,  and  may  therefore  be  used 
as  a  basis  of  testing.  On  the  other  hand, 
if  special  forms  of  filaments  are  considered 
variations  in  the  factor,  from  0"82  to  I'll 
may  be  encountered.  For  determining 
mean  spherical  candlepower  the  Ulbricht 
globe  also  deserves  to  be  more  widely 
used. 

Turning  to  the  rating  and  marking  of 
lamps,  the  author  summarises  the  dis- 
cussions on  this  subject  that  have  ap- 
peared before  the  Illuminating  Engineer- 
ing Society  in  this  country,*  and  the 
Institution  of  Electrical  Engineerst  in 
Germany.  There  is  a  tendency  among 
makers  (in  Germany,  for  example),  to 
inscribe  only  the  watts  and  pressure  on 


*  Iluim.   Knc.  No.  4,  Vol.  VIII..  April,  11)15. 
t  Elektrotechnlsche  Zeitschrift,  1915,  p.   216. 
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the  lamps,  but  to  state  also  the  candle- 
power  in  literature  relating  thereto.  On 
the  other  hand,  the  public  understands 
the  meaning  of  candlepower  better  than 
the  wattage,  and  the  use  of  the  former 
term  has  therefore  commended  itself  to 
central  stations  who,  as  the  largest  pur- 
chasers, have  naturally  a  considerable 
influence  in  determining  the  procedm-e  in 
this  respect.  In  Switzerland  most  central 
stations  continue  to  have  lamps  marked 
in  candlepower.  The  author  suggests 
that  eventually  both  candlepower  and 
watts  may  be  indicated  on  the  lamp. 
Meantime  the  method,  largely  favoured 
in  England,  of  rating  and  standardising 
the  lamps  in  watts,  but  marking  the 
approximate  candlepower  on  the  bulb, 
deserves  consideration. 

SUPPLY  COMPANIES   SHOULD   TEACH 
GOOD  LIGHTING. 

The  central  station  as  a  public  servant 
should  teach  the  principles  of  good 
lighting.  Without  resorting  to  technical 
language  it  is  a  simple  matter  to  explain 
this  efficiency  of  illumination  to  con- 
sumers. Let  them  understand  how 
essential  artificial  light  is  to  modern  life. 
Show  them  that  the  electric  bill  is  not  a 
war  tax  to  which  they  must  subscribe 
whether  they  like  to  or  not,  but  rather 
it  is  a  small  sum  for  which  they  get 
something  that  lengthens  the  day  and 
gives  additional  hours  for  labour  or 
recreation.  Explain  the  harm  of  glare, 
flickering,  shadows,  over-lighting  and 
under-lighting — in  short,  the  essentials 
of  good  illumination. 

Only  in  this  way  can  we  approach  the 
desired  Utopia — a  host  of  satisfied 
customers. — R.  E.  Smith,  Jovr.  of  Eke. 
Power  and  Gas,  Nov.  13th. 

ILLUMINATED   NAME-SIGNS   ON 
NEUTRAL   VESSELS. 

One  result  of  the  menace  to  neutn.l 
vessels  owing  to  submarine  warfare  has 
been  the  adoption  of  illuminated  name- 
signs  which  are  visible  afar  off.  It  is 
stated  that  the  Holland-America  line 
h£s  decided  to  paint  the  name  of  the 
vessel  on  the  ship  in  large  letters,  and 
also  a  statement  whether  it  is  a  cargo  or 
passenger     boat.     In    addition,     boards 


bearing  the  name  of  the  ship  and  its 
port  are  to  be  erected  on  deck  and.  will 
be  illuminated  by  night.  Some  com- 
panies are  also  painting  their  ships  in  the 
national  colours. 

LETTING  THE  PEOPLE  KNOW  ABOUT 
THEIR   STREET   LIGHTING. 

Display  lighting  of  the  so-called  "  white- 
way  "  tyjie  would  seem  to  require  little 
external  publicity,  but  on  the  recent 
inauguration  of  a  system  of  this  kind  at 
Lowell,  Mass.,  the  local  central  station 
made  effective  use  of  the  city  dailies 
to  tell  the  public  some  of  the  essential 
points  bearing  upon  the  new  work. 

Thus,  in  one  advertisement,  covering 
an  entire  page,  the  company  pointed 
out  that  local  labour  was  employed 
throughout  in  the  construction  of  the 
system.  The  dates  of  beginning  and 
ending  work  under  the  contract  with 
the  city  were  given,  with  some  particulars 
as  to  the  selection  of  lamps  and  poles 
and  the  amount  of  cable,  conduit  and 
new  power-station  equipment  needed. 
A  signed  letter  from  Mr.  Edison  to  the 
Mayor  of  the  City,  congratulating  the 
latter  upon  the  installation,  was  ex- 
lii1)ited  in  the  lighting  companv's  office 
window.— £/rc.  World]  Nov.  13th,  1915. 

MUSIC    FROM   LIGHT. 

In  the  Electrical  Review  and  Western 
Electrician  (Nov.  13th)  a  novel  develop- 
ment of  the  "  Oscillating  Audion  "  use 
in  the  de  Forest  System  of  radio  telephony 
is  described.  The  audion  of  a  special 
form  of  electric  incandescent  lamp, 
into  which  a  grid-shaped  wire  and  a 
nickel  plate  are  sealed,  in  addition  to  the 
ordinary  filament.  The  lamp  acts  as  a 
detector  of  wireless  waves,  but,  if  certain 
conditions  are  complied  with  in  the 
electric  circuit  it  produces  an  alternating 
current,  which,  acting  on  the  diaphragm 
of  a  telephone,  emits  a  musical  note  of 
surprising  sweetness  of  tone.  By  using 
a  keyboard  controlling  the  electric  circuit 
a  complete  octave  can  be  obtained 
from  one  lamp,  and  successive  octaves 
can  be  produced  from  others.  Thus, 
by  using  a  series  of  lamps,  common  to 
one  set  of  telephone  receivers,  regular 
orchestral  effects  can  be  produced. 


THE  ILLUMINATING  ENGINEER  (jan.  1916) 


31 


TOPICAL    AND    INDUSTRIAL    SECTION. 

—  •  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  flxtuies,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fi.de  information  relating  thereto.] 


THE   KITSON  FLAME  PROJECTOR. 


Readoj's  will  bi-  familiar  \\\{\\  llu'  system 
of  incandesct'iit  oil  lighting  supplied  by  the 
Kitson  Empire  Lighting  Co..  Ltd.  The 
company  has  now  designed,  foi-  militaiA- 
purposes,  a  special  flame  projector,  whieli 
is  illustrated  in  the  aljove  photograph. 

The  fuel  consists  of  a  special  mixtine  of 
hydrocarbons,  opeiated  at  a  jiressine  of 
200  lb.  to  the  j-cjuaie  inch  ;  the  burner  is 
heated  with  methylated  spirit  in  order  to 


start  the  flame  which  is  projected  a  dis- 
tance of  GO — 70  yards.  It  is  said  that 
the  heat  is  so  intense  tliat  no  one  could 
approach  close  to  the  projector  without 
getting  severely  scorched.  According  to 
Encjineerinr},  it  is  hoped  to  increase  this 
distance  to  100  yaids. 

^^'e  are  infoimed  that  poiiable  pro- 
jectors capable  of  being  strajijud  to  a 
man's  back  are  also  const ructetl. 
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A  NEW  FORM  OF  LAMP  FOR  LANTERN 
AND  PROJECTION  WORK. 

The  two  illustrations  on  the  opposite 
page  refer  to  a  very  interesting  new  form 
of  lamp  for  projection  j^virjjoses  which  has 
just  been  brought  out  by  the  Edison  and 
Swan  United  Electric  Light  Co.,  Ltd. 

The  "  Pointolite  "  lamp  is  in  reality  an 
arc  wi<  liin  a  sealed  bulb.  It  can,  however, 
be  treated  just  like  an  incandescent  lamp 
and,  after  being  switched  on,  requires  no 
manipulation.  By  the  aid  of  a  special 
subsidiary  ionising  filament  an  arc  is 
struck  on  a  small  globule  of  tungsten 
wliich  becomes  incandescent  all  over, 
thus  furnishing  a  very  suitable  form  of 
source  for  projection  purposes  ;  it  is,  in 
fact,  a  "  point  of  light,"  and  tlius  differs 
from  an  ordinary  incandescent  lamp, 
consisting  of  a  coiled  filament,  which  is 
apt  to  give  rise  to  striations  when  applied 
to  lantern  work,  and  is  not  sufficiently 
concentrated  to  give  a  really  satisfactory 
image. 

In  the  illustration  a  suitable  form  of 
resistance  for  use  with  the  arc  is  shown, 
together  with  switch  and  s]Decial  three- 
point  holder.  The  whole  is  very  compact, 
and  is  easily  applied  to  an  ordinary 
lantern.  The  type  of  lamp  used  is  stated 
to  givi;  about  100  candles  and  to  operate  at 
0'()5  watts  per  candle. 

It  will  be  interesting  to  see  what  appli- 
cations this  new  lamp  has  for  cinemato- 
graph work,  for  which  we  imderstand 
special  lamps  (presumably  of  higher 
candlepower)    will    be    available   shortly. 


It  is  also  expected  that  the  lamp  will  have 
useful  applications  for  searchlights. 

Demonstrations  of  the  lamp  are  being 
given  at  the  Company's  showrooms 
( 123—125,  Victoria  Street,  S.W.). 


FIRE  AT  THE  EDISWAN  WORKS, 
PONDERS  END. 

On  Saturday,  December  11th,  a  fire 
broke  out  in  tlie  Joiners'  Shop  at  the 
Ediswan  Works  at  Ponders  End.  We 
are  informed  that  the  fire  did  not  spread, 
and  was  fortunately  confined  entirely  to 
this  department.  The  self-contained 
nature  of  the  works  enabled  things  to  be 
readily  set  going  again  on  the  Monday 
morning,  when  work  was  resumed. 


CONTRACTS  RECEIVED. 

We  are  informed  that  the  tender  of 
Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  for  the  supply  of  Wotan,  Tantalxim 
and  Carbon  lamps  to  the  Aberdeen  Line 
for  the  year  1916,  and  also  a  tender  to  the 
Royal  Mail  Steam  Packet  Co.,  for  the 
same  period,  have  been  accepted. 


OsRAM  Lamps. — The  General  Electric 
Co.,  Ltd.,  advises  us  that  for  tlie  seventh 
time  it  has  received  the  G.P.O.  (six 
monthly)  contract  for  the  supply  of 
Osram  drawn-wire  lamps. 

The  G.E.C.  has  also  received  contracts 
for  the  supply  of  many  thousands  of 
Osram  and  Robertson  lamps  to  the 
Admiralty  and  War  Office. 
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Kk;.  1. — Showing  "  Pointolitc  "  lamp  fitted  with  reHector  ready  for  insertion  in  lantern, 
together  with  resistance  box  and  connections. 


Fig.  2. — Shows  "  Pointolitc  "  lamp  inside  lantern  ready  for  use. 
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REVIEWS    OF    BOOKS. 

"  A  Treatise  on  Ldght."  By  R.  A.  Houston, 
M.A.,  Ph.D.,  D.Sc.  [Longmans,  Green 
dh  Co.,  London,  1915;  478  pages,  328 
illustrations.) 

Professor  Houston  deals  with  his  sub- 
ject exceptionally  fully,  and  it  is  evident 
that  this  branch  of  study  is  attracting 
considerable  attention  just  now.  The 
first  portion  of  the  bock  (Part  1 )  deals  with 
systen:is  of  mirrors  and  lenses,  optical  in- 
struments, &c.  In  Parts  2  and  3  Physical 
Optics  and  Spectroscopj^  receive  excep- 
tionally detailed  treatment.  A  section 
of  the  book  which  many  people  will  find 
particularly  interesting  is  that  dealing 
with  recent  work  in  Spectroscopy  and 
the  infra-red  and  X-rays.  The  use  of 
Echelon  grating  is  described,  and  there 
is  an  excellent  diagram  showing  the 
range  of  vibrations  throughout  the  entire 
spectrum.  The  chapters  on  Photometry 
and  Lamps  and  Illumination  are 
extremely  brief,  and  an  expert  would 
probably  find  several  points  that  deserve 
modification.  We  notice,  for  example, 
that  the  so-called  "  international  imit  of 
hght "  is  not  mentioned,  and  among 
incandescent  lamps  the  "  ha  If -watt  " 
lamp  is  omitted.  We  are  glad  to  see,  in 
the  chapter  on  the  Eye  and  Colour 
Vision,  a  somewhat  fuller  account  of  the 
physiological  side  of  the  subject  than 
usually  appears  in  textbooks  on  optics. 
The  fuial  portion  of  the  book  is  devoted 
to  a  mathematical  discussion  on  the 
natiu-e  of  light  and  radiation.  At  the 
end  of  each  chapter  there  is  a  series  of 
examples.  The  book  should  be  of  con- 
siderable interest  to  advanced  students 
in  optics. 

"Electrical  Engineers'  Diary  for  1916." 
{S.  Davis  db  Co.,  London.) 

The  Electrical  Engineers'  Diary  once 
more  makes  its  appearance.  Besides  the 
familiar  data  on  engineering  matters  this 
issue  contains  one  entirely  new  feature, 
namely,  a  special  section  on  Industrial 
Lighting,  occupying  24  pages.  The  sec- 
tion commences  with  a  siunmary  of  the 
First  Report  of  the  Departmental  Com- 
mittee on   the  Lighting  of  Factories  and 


Workshops.  This  is  followed  by  a  series 
of  notes  on  factory  ligliting,  illustrated 
by  photographs  and  data  relating 
to  various  actual  installations.  Such 
matters  as  the  avoidance  of  glare  and 
inconvenient  shadows,  the  choice  of 
general  or  local  illumination,  direct  or 
indirect  ligliting,  &c.,  are  discussed,  and 
some  simple  rules  for  calculations  of 
illuminating  engineering  given.  There  are 
also  some  special  notes  on  the  lighting  of 
machine  shops  and  clothing  factories,  &c. 
The  section  is  concluded  by  a  concise 
specification  sununarising  the  chief 
ligliting  requirements  of  a  number  of 
different  trades.  This  section  is  particu- 
larly appropriate  at  the  present  time, 
when  so  many  factories  are  working  over- 
time on  Government  contracts,  and  we 
hojae  that  it  will  form  a  permanent 
feature  of  the  Diary. 


PERSONAL. 

We  note  that  Mr.  R.  H.  Palmer,  late 
advertising  manager  of  the  Welsbach 
Light  Co.,  Ltd.,  has  accepted  a  com- 
mission in  the  R.N.  Motor  Boat  Patrol 
Section. 


Established 
1 88s. 


Established 
i885- 


By  Appointment. 


Accident   Fire  and    Life 

Assurance  Corporation,  Limited 

Assets  Eiceed      -    £2,500,000. 
Claims  Paid  Over    £7,000,000. 

SPECIAL    FEATURES: 

ACCIDENT  INSURANCE 

Liberal  Benefits  and  Conditions. 
Low  Premiums. 

FREE    FIRE     INSURANCE 

Every  Sixth  Year    to    Private    Property 
Owners  and  Householders. 

THREE    POPULAR   POLICIES 

Of   Life  Assurance,  with  Various  Options 


All   Classes  of  Insurance  Business   Transacted 


CHIEF   OFFICES: 

General   Buildings,    Perth,  Scotland. 

General  Buildings,  Aldwych,  London. 

General  Manager     -     F.  Norie-Millir,  J. P. 

Note. — The    Bonds    of    the    Corporation    are 

accepted      by     all     Departments     of 

His   Majesty's  Government. 
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COUPON    INSURANCE    TICKET 

Applicable  only  within  the  United  Kingdom. 

GENERAL 

ACCIDENT    FIRE     AND     LIFE 

assurance:   corporat^ion,   ltd., 

Chief  Offices— 

GENERAL   BUILLINQS,    PERTH,  SCOTLAND. 

GENERAL   BUILDINGS,   ALDWYCH,   LONDON.   W.C. 

F.   NORIE-MILLER,   J. P.,  General   Manager, 

To  whom  Notice  of  Claims  under  the  following  conditions  must  be  sent  within 
seven  days  of  accident. 


_pORA  TWO  HUNDRED  AND  FIFTY  POUNDS  will  be  paid  by  the  above  Corporation  to 
oU^uU  the  legal  personal  representatives  of  any  person  who  is  killed  by  an  accident  causing 
material  damage  to  the  passenger  train  in  which  the  deceased  was  travelling  as  a  ticket 
bearing  or  paying  passenger,  or  who  shall  have  been  fatally  injured  thereby,  should  death  result 
within  one  calendar  month  after  such  accident.  Provided  that  the  person  so  killed  or  injured 
had  upon  his  or  her  person,  or  had  left  at  home  this  coupon,  with  his  or  her  usual  signature, 
written  prior  to  the  accident,  in  the  space  provided  below,  which,  together  with  the  giving  of 
notice  within  seven  days  to  the  above  Corporation  is  the  essence  of  this  contract. 

This  Insurance  only  applies  to  persons  over  14  and  under  65  years  of  age,  is  subject  to  the 
conditions  stated  above  and  contained  in  the  General  Accident  Fire  and  Life  Assurance  Corpora- 
tion Act,  1907,  and  holds  good  for  the  current  month  of  issue  only. 

No  person  can  recover  under  more  than  one  Coupon  Ticket  in  respect  of  the  same  risk. 


Sii^iuilnrc  

This  Coupon  must  not  be  cut  out,  but  left  intact  in  TiiF  Illuminating    Enginker   as   that 
being  dated,  forms  the  only  evidence  of  its  currency. 
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AN  ATTRACTIVE  GAS-LIGHTED   SHOW  WINDOW. 


The  above  illustration  depicts  one  of  a 
series  of  attractively  gas- lighted  show 
windows,  arranged  during  the  recent 
special  "  Lighting  Week  "   at  Jersey  City 

(U.S.A.). 

For  the  photograph  from  which  this 
block  was  made  we  are  indebted  to  the 
courtesy  of  the  American  Gaslight 
Journal,  a  recent  issvie  of  which  contains 
a  number  of  striking  illustrations  of  show 
windows. 

The  charm  of  the  display  lies  mainly 
in  its  simplicity.  The  best  judges  now 
recognise  that  crowding  ef  windows  is 
almost  invariably  fatal  to  an  artistic 
display ;  according  to  modern  ideas  a 
window  sliould  be  a  strikiiig  indication 
of  the  objects  of  the  shop  rather  than  an 
attempt  to  catalogue  its  entire  contents. 
The     main     tiling     is     to    produce    an 


effect  which  inevitably  attracts  and 
holds  the  passer-by. 

From  the  lighting  standpoint  an  agree- 
able feature  is  the  soft  effect  produced 
and  the  absence  of  glare.  It  will  be  seen 
that  the  figure  holds  a  bowl  of  the  semi- 
indirect  type ;  in  this  display  artistic 
serai-indiroct  fittings  for  gas  were  much  in 
evidence. 

Another  type  of  semi -indirect  lighting 
unit  which  seems  to  be  at  present  finding 
favour  in  the  United  States,  utilises  four 
bowls  supported  on  straight  arms.  Not 
only  is  the  subdivision  of  the  units — 
and  the  resulting  improved  diffusion  of 
light — beneficial,  but  the  fact  that  the 
heat  is  less  concentrated  is  also  an 
advantage.  There  are  four  upward 
currents  of  air  instead  of  one,  and  there 
is  therefore  less  tendency  to  discoloura- 
tion of  ceilings. 
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EDITORIAL. 


Data  on  Industrial  Lighting. 

The  discussion  on  Indiistiial  Ei,^htii\LC,  opened  by  Mr.  Dow  at  the  last 
meeting  of  the  Ilhiminating  Engineering  Society  on  January  10th,  formed 
a  useful  addition  to  the  discussion  on  the  Home  Office  Kei)ort  on  Factory 
Lighting,  opened  by  the  writer  last  November.  The  meeting  in  Xovember 
dealt  with  the  general  aspects  of  the  Report  and  the  recommendations  made 
therein  ;  the  discussion  opened  by  Mr.  Dow  made  special  reference  to 
the  recently  issued  Vol.  III.  of  the  Report,  containing  the  account  of 
observations  in  factories  and  workshops. 

We  commend  this  volume  to  the  careful  attention  of  lighting  engineers. 
On  pages  44  and  45  we  reproduce,  by  kind  permission  of  the  Controller  of 
His  Majesty's  Stationery  Office,  two  typical  sheets  of  observations  and 
diagrams.     Side  by  side  with  the  actual  measurements    in    each   factory 
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the  personal  impressions  of  the  Committee  are  recorded,  so  that 
altogether  the  volume  contains  a  unique  amount  of  inforaiation 
regarding  the  existing  conditions  in  the  classes  of  factories  visited. 
Such  a  complete  series  of  statistics  has  never,  we  beheve,  been 
pubHshed  before  in  this  or  any  other  country.  It  affords  positive  information 
on  many  facts  which  would  otherwise  have  been  a  matter  of  conjecture  ; 
showing,  for  example,  that  the  suggested  minimum  illumination  of  0-25 
foot-candles  in  the  interests  of  safety  is  exceeded  in  about  two-thirds  of  the 
factories  visited,  and  can  therefore  be  reasonably  demanded. 

It  need  not  be  said,  however,  that  in  many  cases  manufacturers  would, 
for  their  own  sakes,  prefer  an  illumination  well  above  the  absolute  minimum, 
and  a  glance  over  the  contents  of  Vol.  III.  shows  that  in  many  cases  out-of- 
date  lamps  and  lighting  appliances  are  still  in  use,  and  that  by  installing 
more  modern  methods  of  lighting  considerable  improvements  could  easily 
be  made.  Such  data  are  thus  of  great  interest  to  hghting  engineers,  as 
indicating  the  trades  in  which  there  are  opportunities  for  improvement. 

The  chief  object  in  the  discussion  introduced  by  Mr.  Dow,  apart  from 
the  account  given  of  Vol.  III.,  was  to  show  by  practical  examples  of  actual 
gas  and  electric  installations,  that  the  requirements  of  the  Report  can  be 
readily  met  by  the  aid  of  modern  methods.  Particulars  of  such  installations 
were  kindly  furnished  by  various  members  of  the  Society,  and  were  impar- 
tially presented  and  described  by  Mr.  Dow.  The  subsequent  discussion 
fully  bore  out  the  view  that  the  resources  of  illuminating  engineering  are 
quite  able  to  cope  with  what  is  demanded,  and  that  there  is  nothing  excessive 
in  the  recommendations  of  the  Committee. 

The  requirements  as  regards  absence  of  glare,  reasonable  uniformity  of 
illumination,  and  avoidance  of  inconvenient  shadows  are  entirely  in  accord- 
ance with  the  views  expressed  at  previous  meetings  of  the  Society.  There 
are  doubtless  special  cases  in  which  difficulties  must  be  overcome,  where, 
for  example,  it  is  rather  a  problem  how  to  get  the  desired  shadow  conditions 
without  unduly  exposing  the  sources  of  light.  In  such  cases,  it  was  pointed 
out,  the  diffusion  of  the  light  by  reflection  from  walls,  ceilings,  and  even 
floors  is  a  most  important  item.  Objects  in  general  can  only  be  seen  com- 
pletely when  illuminated  by  light  coming  from  many  different  directions, 
and  it  is  the  absence  of  the  reflected  light  which  makes  the  most  fundamental 
difference  between  interior  and  exterior  lighting.  Diffusion  from  light 
surroundings,  in  short,  is  one  of  the  most  important  features  in  good  factory 
lighting. 

Assuming  that  the  requirements  of  the  Committee  are  readily  met,  there 
arises  a  second  question,  how  far  it  is  practicable  to  determine  beforehand 
what  the  illumination  resulting  from  any  arrangement  of  lamps  and  reflectors 
will  be  ?  The  answer  to  this  question  was  given  by  the  paper  by  Mr.  W.  C. 
Clinton  before  the  Society  in  1914,  which  showed  how,  by  taking  sufficient 
care,  the  illumination  could  be  calculated  with  considerable  exactitude. 
Mr.  Dow's  introductory  remarks  also  showed  that,  even  without  the  refine- 
ments in  calculation  necessary  for  exact  predictions,  the  approximate 
illumination  can  be  readily  calculated,  provided  that  types  of  lamps  and 
reflectors  are  used  for  which  the  polar  curves  of  light  distribution  are 
accurately  known.  During  recent  years  manufacturers  of  lighting  appliances 
have  done  much  to  facilitate  such  pre-determinations,  and  the  development 
of  convenient  instruments  for  measuring  illumination  has  provided  a  means 
of  verifying  them  and  given  lighting  engineers  confidence  in  the  results  of 
their  calculations. 
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In  the  discussion  there  was  full  agreement  on  this  point.  It  was,  how- 
ever, pointed  out  that  in  one  section  [of  calculations  fuller  data  are  desirable, 
namely,  in  estimating  the  effect  of  reflection  from  surroundings.  Those 
who  have  had  practical  experience  of  various  types  of  lighting  installations 
can  frequently  make  a  good  judgment  on  this  point,  and  in  any  case  such 
reflected  light  is  usually  regarded  as  a  "  margin  in  hand,"  causing  the  actual 
illumination  to  work  somewhat  higher  than  that  anticipated  from  calcula- 
tions. It  is  thus  an  error  on  the  right  side.  It  would,  however,  be  of  interest 
to  examine  this  question  somewhat  more  closely  so  as  to  smooth  the  path 
of  those  who  have  not  had  much  experience  of  such  problems. 

We  should,  however,  like  to  take  this  opportunity  of  expressing  our  full 
agreement  with  the  view  that  a  measurement  of  illumination  alone  is  not  a 
sufficient  indication  of  the  adequacy  of  a  lighting  installation.  The  opinion 
is  now  very  generally  held  that  a  measurement  of  horizontal  illumination 
is,  on  the  whole,  by  far  the  most  convenient  method  of  specifying  illumina- 
tion at  any  point  ;  it  hardly  seems  desirable  to  abandon  this  simplicity 
and  to  add  requirements  as  regards  vertical  illumination.  Yet  it  is  of  course 
agreed  that  in  many  cases  good  illumination  of  vertical  surfaces  is  also 
necessary.  But  this  requirement  might  be  met  by  laying  stress  on  the  need 
for  good  diffusion  of  light  in  such  cases.  If,  by  subdividing  the  lighting 
into  small  units  and  by  judicious  utilisation  of  reflection  from  light  sur- 
roundings, we  can  secure  the  requisite  uniformity  of  illumination  and  avoid 
inconvenient  shadows,  we  shall  at  the  same  time  secure  the  desirable 
illumination  of  vertical  surfaces.  Another  reason  for  advocating  good 
diffusion  of  light  is  that  severe  contrasts  in  the  illumination  at  different 
points  in  a  room  undoubtedly  prejudice  the  effect  of  the  illumination  in  the 
least  illuminated  spots.  We  have  an  excellent  illustration  of  this  in  the 
present  conditions  of  lighting  in  the  streets.  The  effect  of  passing  out  of  the 
brilliant  illumination  immediately  under  the  lamps  into  the  dense  obscurity 
of  parts  of  the  pavement  remote  from  the  lamps  has  often  been  commented 
upon  ;  such  alternations  of  brightness  and  darkness  are  bound  to  be  incon- 
venient to  the  eye,  and  should  certainly  be  avoided  in  shop-hghting.  In 
order  to  guard  against  this  the  Report  wisely  requires  "  a  reasonable  uni- 
formity of  illumination  "  in  addition  to  the  minimum  requisite  in  the  interests 
of  safety. 

In  the  discussion  the  view  was  also  expressed  that  it  may  not  be 
necessary  to  make  many  subdivisions  in  classif\'ing  the  intensity  of 
illumination  required  for  various  purposes.  There  is  much  to  be  said  for 
this  simplification,  and  it  is  possible  that,  with  a  few  exceptions,  this 
method  might  answer,  provided  it  were  supplemented  by  suggestions  as  to 
the  best  arrangement  and  positions  of  lamps  for  certain  processes  so  as  to 
ensure  that  the  conditions  as  regards  avoidance  of  glare  and  proper 
direction  of  light  were  also  complied  with.  Doubtless  certain  broad 
distinctions,  similar  to  those  suggested  in  the  American  Code,  or  in  the 
Dutch  legislation,  might  be  considered  by  the  Committee. 

In  conclusion,  we  should  like  to  repeat  what  was  stated  several  times 
in  the  course  of  the  discussion,  that  the  recommendations  in  the  Report 
are  designed  to  help  the  manufacturer,  and  that  it  has  been  expressly'  framed 
to  avoid  any  degree  of  hardship.  This  being  the  case,  the  fact  that  a  certain 
amount  of  latitude  is  allowed,  is  a  distinct  advantage.  In  order  to  provide 
for  the  exercise  of  toleration  it  is  desirable  not  to  make  these  requirements 
too  rigid,  and  to  allow  a  margin  for  the  exercise  of  human  judgment  and — • 
we  may  add — goodwill. 
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The  Marking  and  Rating  of  Lamps. 

It  will  be  recalled  that  a  discussion  on  the  above  subject  took  place 
about  this  time  last  year.*  The  problem  has  arisen  in  an  acute  form  in 
connection  with  the  (so-called)  half-watt  lamps  and  other  incandescent 
lamps  having  a  special  form  of  filament.  This  matter  is  now  being  discussed 
on  the  Continent  and  in  the  United  States.  We  observe,  for  example, 
that  at  the  last  Annual  Meeting  of  the  German  Illuminating  Engineering 
Society  a  Report  was  presented  by  the  Committee  on  Photometric  Methods. 
There  was  general  agreement  that,  from  a  purely  physical  point  of  view, 
the  mean  spherical  candlepower  was  the  most  important  ;  but  for  practical 
reasons  it  was  sometimes  found  inconvenient  to  depart  from  the  mean 
horizontal  or  mean  hemispherical  candlepower.  The  Committee  therefore 
recommend,  as  a  tentative  step,  that  besides  the  above  quantities  the 
figures  for  conversion  to  the  mean  spherical  candlepower  should  also  be 
stated. 

The  difficulty  rests  very  largely  in  departure  from  existing  usage. 
We  notice  that  'Heyck  (Elektrotschnische  Zeitschr.,  Nov.  25th,  1915) 
approves  the  rating  of  incandescent  lamps  in  terms  of  mean  spherical  candle- 
power,  but  disapproves  of  the  application  of  this  method  to  arc  lamps. 

Another  Continental  article  (K.  Zickler,  Elek.  u.  Masch.,  Sept.  26th 
and  Oct.  3rd,  1915)  recommends  that  the  watts,  volts  and  mean  spherical 
candlepower  should  all  be  indicated  on  the  bulbs  of  incandescent  lamps. 

The  Electrical  World  in  commenting  upon  these  papers  agrees  that,  with 
the  coming  of  the  gas-filled  lamps,  rating  in  mean  horizontal  candlepower 
has  broken  down,  and  that  "  there  can  be  no  doubt  that  a  spherical  candle- 
power  basis  is  technically  correct  and  much  superior  to  a  mere  mean  hori- 
zontal candlepower  basis."  It  is  pointed  out,  however,  that  the  change 
mav  be  considered  inexpedient  commercially.  "  An  incandescent  lamp  of, 
say,  50  candlepower  on  the  old  basis  might  be  perhaps  only  37  candlepower 
on  the  proposed  new  basis.  That  is  to  say,  ihere  would  be  in  many  cases 
nothing  to  indicate  the  transition  from  mean  horizontal  to  mean  spherical 
candles." 

In  an  editorial  on  this  subject  last  yearf  we  suggested  a  special  method 
of  marking,  involving  the  placing  of  the  mean  spherical  value  within  a 
circle  and  the  candlepower  in  other  directions ;  for  example,  the  horizontal 
or  maximum  values  as  diverging  rays  therefrom.  The  solution  approved 
by  the  Electrical  World  is  to  popularise  the  lumen  ;  presumably  if  the 
output  in  lumens  were  stated  the  discrepancy  might  pass  unnoticed. 

It  is  evident  that  opinion  is  veering  strongly  in  favour  of  a  method  of 
rating  based  on  the  total  light  given  by  the  lamp.  The  question  of  rating 
is  important  in  view  of  the  diversity  of  types  of  lamps  available —  par- 
ticularly so  in  the  case  of  new  types  of  high  voltage  and  high  efficiency, 
and  low  wattage.  A  change  in  the  method  of  rating  would  involve  fuller 
education  of  the  public  in  these  matters,  and  literature  relating  to  lamps 
should  be  prepared  with  this  aim  in  view.  We  are  glad  to  see  that  in 
the  latest  catalogues,  fuller  data  regarding  the  performances  of  lamps,  and 
some  suggestions  on  their  selection  and  use  are  already  being  given.  This 
tendency,  we  believe,  is  in  a  large  measure  due  to  the  educational  influence 
of  the  illuminating  engineering  movement  in  various  part-^  of  the  world 


Leon  Gaster 


*  /////;;;.  Eiiti.,  April,  1Q15. 
t  Loc.  cH. 
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TRANSACTIONS 

OP 

Zbc  3Hun\inatinG  lEiioinecnnG  Socictvn 

(Pounded  in  London,  1909.) 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


SOME    PRINCIPLES    IN    INDUSTRIAL    LIGHTING. 

With  special  Reference  to  the  First  Report  of  the  Departmental  (Home  Office) 
Committee  on  Lighting  in  Factories  and  Workshops.) 

(ProccL'dings  at  a  meeting  of  the  Society  lield  at  the  House  of  the  Royal  Society  of  Arts, 
London,  at  8  p.m.,  on  Tuesday,  January  lltli,  19I6. 


A  MEETING  of  the  Society  took  place  as 
stated  above,  on  Tuesday,  January  11th, 
Mr.  F.  W.  Goodenough  being  in  the 
Chair.  The  Minutes  of  the  Last  Meeting 
having  been  taken  as  read,  the  Hon. 
Secretary  proceeded  to  read  out  the 
names  of  appUcants  for  membership  in  the 
usual  way,  and  the  Chairman  then  called 
upon  Mr.  J.  S.  Dow  to  open  a  discussion 
on  "  Some  Principles  in  Industrial  Light- 
ing." Li  doing  so  Mr.  Dow  explained 
that  it  was  hoped,  by  the  aid  of  numerous 
examples  of  actual  gas  and  electric 
installations,  data  regarding  which  had 
kindly  been  furnished  by  various  mem- 
bers of  the  Society,  to  show  how  the 
requirements  of  the  Home  Office  Com- 
mittee   on    Lighting    in    Factories    and 


Workshops   could   readily  be  met  bv  the 
aid  of  modern  lighting  appliances. 

An  interesting  discussion  followed  in 
which  Mr.  H.  C.  Wheat,  Mr.  C.  C. 
Paterson,  Mr.  A.  Cunnington,  Mr.  L. 
Gaster,  Mr.  F.  W.  Willcox,  Mr.  0.  E. 
Grigsby,  Mrs.  Cloudeslev  Brereton,  and 
Mr.  C.  H.  Pitman  took  "part.  Mr.  Dow 
intimated  his  intention  of  replying  to  the 
discussion  in  the  printed  account  of  the 
proceedings. 

In  conclusion  the  Chairman  announced 
that  the  next  meeting  would  take  ])lace 
at  8  ]xm.  on  Tuesday,  February  22nd, 
when  there  would  ])e  a  discussion  on 
■  Some  Future  Possibilities  in  the  Design 
of  Instruments  for  Measuring  Illumina- 
tion (with  special  reference  to  photo- 
meters de])ending  on  ])hysical  and  Chemi- 
cal methods). 


NEW  MEMBERS. 

The  names  of  applicants  for  inenibersliip  read  out  at  the  previous  meeting  on 
November  23rd  were  formally  announced  at  the  last  meeting  on  December  10th  and 
these  gentlemen  were  formally  declared  members  of  the  Society. 

In  addition,  the   names  of  the  follo\Wng  gentlemen  have  been  duly  submitted  to 
the  Coiincil  and  were  road  by  the  Hon.  Secretary  at  the  last  meeting  : — 

Freeman,  L.  Filectrie    Contractor,   156,  Wliitcchapcl    l^oad, 

London,  E. 
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SOME   PRINCIPLES  IN  INDUSTRIAL  LIGHTING 

(With  special  reference  to  the  First  Report  of  the  Departmental  [Home  Office] 
Committee  on  Lighting  in  Factories  and  Workshops) . 

By  J.  S.  Dow 

(Introduction  to  Discussion  which  took  place  at  a  Meeting  of  the  Illuminating  Engineering 
Society,  held  at  the  House  of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi, 
London,  on  Tuesday,  January  11th,  1916,  at  8  p.m). 


In  these  introductory  remarks  the  object 
has  been  to  show,  by  a  few  typical 
examples,  how  the  requirements  of  the 
Home  Office  Departmental  Committee's 
Report  on  Factory  Lighting  can  be 
readily  met  by  modern  methods,  and  to 
discuss  a  few  of  the  data  on  which  calcu- 
lations of  illumination  are  commonly 
based. 

The  discussion  should  thus  be  supple- 
mentary to  that  at  our  first  meeting  this 
session  (November  23rd).  Since  that 
date  Vol.  IIL  of  the  Report,  containing 
the  account  of  the  observations  in  fac- 
tories, has  appeared.  The  contents  of 
this  new  volume  deserves  to  be  closely 
studied  and  should  be  of  great  value  for 
reference  for  years  to  come  ;  the  volume 
contains  by  far  the  most  complete  account 
yet  published  of  lighting  conditions  pre- 
vaiUng  in  the  engineering  and  textile  in- 
dustries. 

As  a  starting  point  it  is  convenient  to 
recall  the  definitions  applying  to  the  sug- 
gested general  statutory  provision  "  re- 
quiring adequate  and  suitable  lighting  in 
general  terms  in  every  fart  of  a  factory  and 
workshop." 

"  Adequate  and  suitable  lighting,"  it  is 
suggested,  should  comply  with  the  follow- 
ing requirements  : — 

(1)  Adequacy. 

(2)  A  reasonable  degree  of  constancy 
and  uniformity  of  illumination  over  the 
necessary  area  of  work. 

(3)  The  placing  of  shading  of  lamps  so 
that  the  light  from  them  does  not  fall 
directly  in  the  eyes  of  an  operator  when 
engaged  on  his  work,  or  when  looking 
horizontally  across  the  workroom. 

(4)  The  placing  of  lights  so  as  to  avoid 
the  casting  of  extraneous  shadows  on  the 
work. 


In  addition,  there  are  the  provisions 
2 — 7  in  the  Re^Dort,  relating  mainly  to  the 
minimum  degree  of  illumination  (0.05 — 
O.-t  foot-candles,  according  to  circum- 
stances), which  is  considered  necessary  in 
the  interests  of  safety. 

Provision  of  Required  Illumination. 

As  the  Committee  have  not  yet  been 
able  to  undertake  to  frame  standards  of 
illumination  required  for  various  kinds  of 
work,  one  can  only  discuss  the  first  term, 
adequacy,  in  relation  to  the  general  con- 
tents of  the  three  volumes  of  the  Report. 
It  may  be  presumed  that  the  amount  of 
light  for  carrying  on  work  would  only  be 
deemed  inadequate  when  it  was  obviously 
below  the  standard  usual  for  the  process 
in  question,  and  manifestly  a  hindrance 
to  the  worker.  We  have,  however,  in 
Vol.  III.  excellent  information  as  to  the 
conditions  which  already  exist.  One  of 
the  first  things  which  strikes  one  in  read- 
ing this  data  is  the  variety  in  the  amount 
of  illumination  afforded  in  different  fac- 
tories for  similar  processes.  It  is  evident 
that  a  general  agreement  as  to  standards 
would  be  very  helpful  in  removing  these 
anomalies.  Lighting  experts  would  pro- 
bably agree  that  the  average  values  of 
illumination  recorded  in  these  tables  could 
be  quite  easily  provided  by  modern 
methods  without  undue  expense  ;  pos- 
sibly these  averages  might  furnish  a  rough 
indication  as  to  the  amount  of  illumination 
desirable  for  the  class  of  work,  thus 
paving  the  way  for  the  standards  which 
the  Committee  have  ultimately  in  view. 

In  many  cases,  both  the  illumination  at 
the  point  of  work  and  the  illumination  on 
the  floor  are  stated.  After  examining 
these  figures  one  appreciates  the  wisdom 
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of  drawing  a  distinction  between  the 
general  illumination  necessary  in  the 
interests  of  safety  and  the  illumination 
for  the  carrying  out  of  work.  The  exist- 
ence of  a  moderately  high  illumination  at 
floor-level  does  not  iinply  that  the  illu- 
mination on  the  work  is  ample.  Con- 
versely one  may  find  a  high  illumination 
on  the  work  but  very  little  on  the  floor, 
especially  when  the  point  of  work  is  a 
good  distance  from  the  floor  and  the 
sources  of  light  are  placed  close  to  the  work. 
On  the  other  hand,  when  the  nature  of 
the  work  and  the  arrangement  of  the 
machines  render  it  desirable  to  aim  at  a 
high  general  working  illumination  through- 
out the  room,  one  usually  provides  this 
illumination  by  means  of  sources  mounted 
near  the  ceiUng.  In  such  cases  the  mere 
fact  of  providing  adequate  illumination 
for  the  work  should  ensure  that  the 
minimum  value  in  the  interests  of  safety 
and  convenience  will  be  everywhere 
exceeded. 

These  conditions  are  probably  more 
typical  of  factories  in  London  than  the 
mills  and  workshops,  covering  a  very  ex- 
tensive area,  in  the  provinces.  I  think, 
however,  that  even  in  large  covered  areas, 
where  there  are  spaces  between  the  points 
where  work  is  done,  and  where  it  would 
be  uneconomical  to  flood  the  entire  floor- 
area  with  light,  there  ought  to  be  no 
difficulty  in  providing  sufficient  to  ensure 
a  minimum  of  0.25  foot-candles  ;  and  in 
practice  0.5  foot-candles  might  be  aimed 
at.  Probably  there  are  few  cases  in 
which  a  system  of  general  lighting  would 
be  installed  with  the  deliberate  intention 


of  producing  an  even  general  illumination 
of  this  value.  The  illumination  would  be 
necessarily  somewhat  uneven,  the  main 
lighting  being  of  the  localised-general 
character,  helped  out  by  occasional  units 
when  the  illumination  was  inclined  to  fall 
too  low.  The  conditions  would  then 
resemble  those  met  with  on  a  platform  in 
the  tube  railways.  I  think  most  people 
would  agree  that  this  illumination  is 
ample  from  the  standpoint  of  safety  :  it 
is  probably  at  least  twenty  times  that  con- 
sidered ample  when  the  first  tube  was 
opened  ! 

In  order  to  illustrate  the  full  manner 
in  which  the  data  are  presented  in  Vol.  III. 
of  the  Home  Office  Report  I  am  repro- 
ducing two  typical  pages  (pp.  44,  45). 

The  table  on  p.  45  is  chiefly  interest- 
ing because  it  shows  how  high  values 
on  the  work  (2.4 — 5.8)  may  coexist  witli 
much  lower  values  (0.4 — 0.58)  on  the 
floor. 

The  other  page  is  useful  as  show- 
ing a  case  where  values  on  the 
floor  (in  this  case  0.2  ft.  candles),  in  the 
neighbourhood  of  those  required  by  the 
Committee,  were  considered  sufficient 
from  the  standpoint  of  safety  and  con- 
veinence. 

From  the  discussion  at  the  meeting  on 
November  23rd,  it  would  appear  that  the 
general  illumination  prevailing  in  modern 
factories  is  apt  to  be  over-estimated.  A 
general  illumination  of  3  foot-candles 
appears  to  be  extremely  rare,  as  is  shown 
by  the  following  table,  taken  from  the 
Departmental  Report  (Vol.  I.,  p.  42) : — 


Percentage   oi 

Observations   lying   below 

the   following   val 

les   of 

illumination. 

Below. 

Below. 

Below. 

Below. 

Below. 

Below. 

Below. 

Below. 

— 

0.25 

0.5 

0.75 

1.0 

1.25 

1.5 

1.75 

2.0 

ft.    e. 

ft.    c. 

ft.    c. 

ft.    c. 

ft.    c. 

ft.    c. 

ft.    e. 

ft.    e. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(!>) 

Per  cent. 

Per  cent. 

Per  cent. 

1 
Per  cent.  Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Foundries 

36 

G3 

76 

85 

90 

93 

95 

90 

All  Factories,  exclud- 

ing Foundries 

24 

52 

71 

83 

91 

96 

97 

9S 

All  Factories,  ineltid- 

ing  Foundries 

28 

55 

71 

82 

88 

93 

96 

97 

{Reproduced  by  peniiissioti  of  His  Mdjcsly's  Stationery  Office.) 
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Indufitry. — Flux  spinning  and  linen  weaving 

Process.  —Preparing. 

Operative)!. — -7. 

i)a/e. —Isth-iyth  DeceuiU-r  191:3. 


Room  No.— 19e. 
Height  —111  ft.  t.j  U;  I'. 
Floor  opace  ^H.Wi)  sq   ft. 
Cubic  cw(ri,l...  -lli.i.U'j;!  . 


Description  of  Meaas  of  Lighting. 


WIKDOVC!*. 

I'oaiTios. 

')Ra 

NT.\TK.N 

RrK.f              Wall. 

N.            tj. 

1 
Number    •         •  1 

1     1         15 

_     1     _ 

15 

I 

Total  ansa  (aq.  ft.>! 

870    ■■      360 

—          _ 

ZftO 

.S7.I 

DiatJince— 

(a)  baae  to  floor  i 
(6)  top  to  ceiling! 

—             — 

—          — 

V  3" 

1     lu 
/  roof 

—       ,      —         —         — 

;   1' 

Kind  of  glass    ■ 

Mostlj  clear           -          — 

r- 

— 

Fraction    of  un- 

obstructed sky 

risible        from  , 

centre  of  room  i 

ft                 0 

—     1     — 

1     — 

— 

Angle      of     ob-  : 

1 

t 

stnjction       bj  I 

neighbouring      | 

I 

1 

I>uilding8          -  1 

—               — 

—          — 

•W 

— 

Difitanee      from  | 

1 

nearest  building. 

— 

.'.0' 

• 

.M'.ruiriAL 

LIGHT 
.■^tORCFjt. 

Syit.Mi! 

.Sy>i.  .u   1  Svstiin 
2.        •        ;i. 

Kiel 

Elect.!.- 
slow 

Number     - 

Idmp^. 
70 

1 

Candle- 

i 

power      - 

H'*ii<ht  from 

floor        . 

It; 

6' 

1 

Distance 
between — 
(u)  rows    - 

ll'tolC 

(b)  units  in 

.same  row         1  •!' 

i 

Afljustable          Nm 

1 

£estUts  of  Obsc-rvatiouB. 


1 

Natural 

Lij.-bi 

Aiiih.nii 
I..^lit. 

I'.li.t 

POSITIOV. 

lUuminat.uii 

i  Datlisrlit 

Jlluliiin:i- 

C'..i».ii..itcis  iViciiiii.ls. 

I'l.in. 

Hour. 

In<ti(lr.    ! 

Diii^iilo. 

j     Factor 
KiHTceiit.) 

(Koot- 
CH.t.lle>) 

llijncnm  im  tn  iiiliijtnrt/.  .\v.) 

A. 

j  Roving  frame 

1.181p.m. 

1 

lU 

9r. 

1   i 

0  33 

Intperled  htj  Dayliyhf. 

B 

1.19'     .. 

1  ••'. 

10.1 

1      I    ■'• 

0  24 

Poor  light   at  centre  due 

C. 

1  Floor       - 

1  -2(1      ,. 

lis   , 

110 

1    .1 

0  23 

to  sidewindow   lighting  and 

D. 

121       .; 

on 

lo-S 

(1    10 

"■77 

<ibstru<*ti'»ii      b_v      machines. 

E 

:  FI.")r       - 

l..>44     .. 

0  o:{ 

105 

«i  o:i 

(i-J(i 

OO.'i  to  0  ..  p.T  cent,  day- 

K. 

;  Drawing  frani"' 

1  2i       ,. 

0  06 

Mti 

'    0  (m; 

0  4.> 

light  fai-tor 

IJ. 
H 

Roving  frame 
'  Floor 

1.27      .. 

U-24 

0  is 

100 

90 

I    0  2+ 
1    0  i. 

)  22 
i-22 

Inspected  Inj  Artificial  Light. 

K 
L. 

,  Drawin'4  fmnie 
,   Floor    ■   - 

I.2« 
1.281     .. 

r>>i 

9t; 
lo.-; 

5  ,. 

0-10 
0  16 

The  artihcial  li^ht  was  by 
exposed  carbon  glow  lamps 

M 

'  Drawing  frinie 

! 

1.2'J      .. 

! 

3  4 

lO.j 

;     "*  •• 

0  ol 

and       was       not       pleasing. 
Illumination  on  framesO  2  to 
0  ^    foot-candle.     Illumina- 
tion  in    gang-.vay    0-2    f«jot- 
candle      Thin    gangway  wa.= 
wide    and   without  shadows. 
and     th.;     illumination    ap- 
fx-ared       sulficieut      in      the 
opinion  of  the  Committee,  in 
•  fact  seemed  above  the  mini- 

UetruTolugiral  r(,„,//.',m..-  —  Aiirio-sphen-  hazy,  sky  ..vercast  ,   very  dull       tV.<  \1  1.:  . 
Plan  uf  Roou,  with  Observation  Points  indicated. 

(:<l„;l.,l  p.irl>  r.i,r^frnl  ui.idvu,  ) 


Ri-proiliiCi'd  fiotn  Vol.' 1 1 1..  Kcporlof  the  Dt'p.irtiiiciil.il  Jloiiie  Oftkc)  CowiiiitUc  on  Liiihlinf<. 
Ill  Fiuhiies  niul  \\'oik^liop<.  /<.  .?0.  by  permission  of  The  Coiifroller  of  His  Majesty's 
Stiilioiierv  Office. 
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ng. 


Iiiduatiy.     I'liiii 
Process.     WV^viufr. 

yj.i(e.— •i:iuil-23id  Decern! 


i;a:i 


Hoom  No. — 2-tA. 
height— 12  ft.  to  15  It. 

•Floor  space.— 27.000  sq.  ft. 
<'uhic  contents.— SO^.OOO  cub.  ft. 


Description  of  Ueans  of  Lighting. 


WINDOWS. 

Position. 

Obientation 

Roof.        Wall. 

N. 

8.     1      E. 

W, 

Number     - 

14             — 

14 

_     '     _ 

_ 

ToUl  urea  {sq.  ft.) 

5.800          -  . 

All  in 

— 

— 

Distance — 

t 

roof 

(u)  base  to  flour 

-             -J 

— 

— 

— 

(b)  tup  to  ceiling; 

— 

— 

— 

Kind  of  gUss     - 

Ribbed        — 

— 

— 

— 

— 

Fraction  of   un- 

obstructed sky 

visible        from 

centre  of  room 

1             — 

— 

— 

— 

— 

Angle     of      ob- 

struction      by 

neighbourinj; 

buildings 

—            — 

— 

— 

— 

Distance      from 

neareet  building 

1 

— 

~ 

" 

aetificial 
Light 

System   1    bystem 

System 
3. 

KOUBCES. 

"■ 

Kind 

Electric 

t 

Number 

glow 

lamps. 

480 

Candle- 

power 
Height  from 
floor 

25 
5' 

Distance 

between — 

(o)  rows    - 

9' 

(b)  units  in 

same  row 

6' 

Adjustable 

No 

Besnlto  of  Observations. 

Toint 
on 

P0S1TI0>J. 

Natural  Lighi 

Anlficl^il 
L.ght. 

Committee's  ComnicDts. 

Illuminati.jn. 

Llaylight 

lUumina- 

Plan. 

H.. Ill- 

. — — 

Factor 

(  Foot- 
candles). 

(Opinloiu  tu  ta  adfi/iuiri/.  <(, .) 

Inside.    !  Outaide. 

(per  cent.) 

A. 

Cloth  on  loom  - 

10.22ia.m. 

1 
4-2     1      480 

0-8, 

40 

Jjupected  by  Artificial  Light. 

B. 

Floor 

10.23i  .. 

5-3     !       480 

11 

0-58 

C. 

Cloth  on  loom 

10.24i  .. 

8-4     ;      4b0 

17 

1-8. 

deep   shade    to   each     luoni. 
giving   from    2    to    4    foot- 

D 

10.25i  „ 

13-,      1      480 

2-8 

40 

E. 

10.27     „ 

12  i      '      480 

2  6 

2 -2,, 

F. 

Floor 

10.  J8     ,. 

3-9           540 

0-7, 

0-40 

satisfiix?tory      system.      free 

G. 

Cloth  on  loom 

10.29     „ 

!«•„           510 

3-, 

46 

H. 

10.30     „ 

12 -J,             510 

2-5 

5-» 

K. 

10.31     .. 

5  5 

510 

11 

2-4s 

properly    shaded    ones    and 

L 

Floor        - 

10.32     ,. 

3-8 

540 

0-7„ 

0-.58 

M 

Cloth  On  loom 

10.33     „ 

13s 

510 

2  6 

4-3 

and   efficiency   w.ik    marked. 

1 

An  excellent  installation. 

Metcoroloyuiil  Conditions. — Atmusphere  hazy  ;  sky  bhia  ,  sun.      (23. 12. 13. J 

Plan  of  Boom,  with  Observation  Points  indicated. 

{Shaded  partK  represent  unndowg  ) 
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It  will  be  seen  that  2  foot-candles  was 
only  attained  in  3  per  cent,  of  the  factories 
visited,  while  28  per  cent.,  or  nearly  a 
third,  fell  below  the  minimum  of  0.25 
foot-candles  suggested.  If,  therefore,  all 
factories  were  brought  up  even  to  this 
level  a  substantial  improvement  would 
have  been  made. 

Before  leaving  the  question  of  the 
minimum  intensity  of  illumination  re- 
quired from  various  standpoints,  reference 
may  be  made  to  two  publications  in  which 
this  question  has  been  discussed.  There 
is  firstly  the  well-known  booklet  on  In- 
dustrial Illumination,  issued  some  years 
ago  by  the  National  Electric  Light  Asso- 
ciation in  which  the  usual  practice  for 
various  trades  was  summarised  in  a  very 
admirable  manner.  After  examining 
these  figures  closely,  one  is  inclined  to 
think  that  perhaps  it  is  hardly  necessary, 
with  our  present  knowledge,  to  attempt 
to  discriminate  quite  so  closely  between 
the  requirements  of  different  operations  as 
in  this  production.  The  following  rough 
classification  contained  in  the  recent  Code 
prepared  by  a  committee  of  the  American 
Illuminating  Engineering  Society  might 
perhaps  serve  as  a  useful  guide  : — 


Class  of  Work. 


Minimum 
illumina- 
tion (ft.- 
candlcs.) 


Desirable 
illumina- 
tion (ft.- 
candles.) 


)Storage,  passage-ways, 
stairways,  and  the 
like 

Rough  manufacturing 
and  other  operations 

Fine  manufacturing 
and  other  operations 

Sjjocial  ca.sos  of  fine 
work 


0-2.5 
1-25 
3-5 


0.25—0-5 

1-25—2-5 

3-5  — G-0 

10—15 


The  first  value  happens  to  be  near 
with  that  suggested  in  the  Report  of  the 
Departmental  Committee  for  the  illumina- 
tion necessary  in  the  interests  of  safety. 
The  other  three  values  come  under  the 
head  of  illumination  for  the  carrying  out 
of  work.  It  may  be  suggested  that  almost 
all  industrial  operations  might  be  classified 
under  one  of  these  heads,  so  far  as  the 
amount  of  illumination  required  is  con- 
cerned. 


It  should  be  particularly  noted,  how- 
ever, that  merely  specifying  a  certain 
illumination  on  the  work  is  not  enough 
to  secure  "  adequate  and  suitable  light- 
ing." The  illumination  must  also  comply 
with  the  requirements  stated  above  as 
regards  uniformity  of  illumination  over 
the  working  area,  avoidance  of  glare,  and 
avoidance  of  inconvenient  shadows. 

These  are  all  questions  which  have  often 
been  discussed  at  meetings  of  our  society, 
and  have  received  the  attention  of  firms 
interested  in  illumination.  The  pro- 
vision of  a  uniform  illumination  is  mainly 
a  matter  of  arranging  the  lighting  units  at 
suitable  distances  according  to  their  dis- 
tribution curves,  and  in  cases  where  it  is 
necessary  to  light  a  large  area  equally  at 
all  points  a  high  standard  of  uniformity 
can  be  obtained.  In  such  cases  a  varia- 
tion of  not  more  than  25  per  cent,  on  the 
work  might  perhaps  be  anticipated. 

In  many  cases,  however,  even  a  con- 
siderable variation  in  illumination  would 
not  be  objectionable  from  the  standpoint 
of  efficiency  and  comfort  of  workers — pro- 
vided the  illumination  on  the  work  always 
exceeds  a  satisfactory  value  ;  in  other 
an  excess  of  illumination  in  some  places 
is  not  as  a  rule  detrimental  to  work,  but 
a  variation  in  the  form  of  too  low  an 
illumination  at  certain  points  would  be. 

Avoidance  of  Glare. 

The  next  consideration,  the  avoidance 
of  glare,  is  an  exceedingly  important  one. 
This  is  the  requirement  which,  of  all 
others,  is  apt  to  be  disregarded  in  factory 
lighting,  and  Vol.  III.  of  the  Home  Office 
Report  contains  frequent  objections  to 
installations  on  this  ground.  Yet,  so  far 
as  those  who  scheme  out  factory  installa- 
tions are  concerned,  there  is  now  general 
agreement  that  glaring  points  of  light 
within  the  range  of  vision  should  be 
avoided,  and  the  explanation  of  defective 
installations  lies  more  often  in  the  in- 
difference of  the  public  who  have  not  yet 
learned  that  exposed  brilliant  lights  are 
necessarily  wasteful,  and  even  insist  on 
them.  No  doubt  the  issue  of  the  Home 
Office  Report  will  have  a  good  influence  in 
this  respect.  I  think,  however,  members 
of  the  Society  will  agree  that  by  the  aid 
of  modern  appliances  it  should  be  prac- 
ticable in  almost  every  variety  of  installa- 
tion to  comply  with  the  Committee's  sug- 
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Fig.  1. — Overliuad  Electric  Lij^'litinj^  in  an  erecting  shop,  160  ft.  long.  63  ft.wide,  36  ft.  high, 
by  two  rows  of  si.x  400-u  att  tungsten  lamps  in  reflectors  at  a  height  of  33  ft.  Consumption 
apprux.  0'5  watts  per  square  foot.     Illumination  2'2  ft.-candles. 


Fig.  2.— Ovcrlitad  Lighting  of  a  shop  2«0  ft.  long,  2-l()  It.  wide,  by  lianic  .lrc^  at  a  height  of 
20  ft.  from  floor.     Illumination  26 ft.-candles. 
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gestion,  namely,  "  the  placing  or  shading 
of  lamps  so  that  the  light  from  them  does 
not  fall  directly  on  the  eyes  of  the  operator 
when  engaged  on  his  work  or  when  look- 
ing horizontally  across  the  workroom.  ' 
The  installations  where  it  would  probably 
be  most  difficult  to  meet  this  requirement 
are  those  carried  out  in  rooms  with  rather 
low  ceiUngs.  However,  seeing  that  the 
use  of  an  appropriate  reflector  almost  in- 
variably tends  to  increase  the  light  on  the 
work,  there  is  clearly  no  hardship  in  asking 
that  such  lights  should  be  screened. 

Avoidance  of  Inconcenient  Hhadous. 

The  last  requirement,  relating  to  the 
avoidance  of  inconvenient  shadows,  is 
clearly  one  whose  appUcation  will  have 
to  be  studied  by  practical  experience. 
For  the  present,  no  doubt  it  would  serve 
chiefly  to  enable  inspectors  to  advise 
managers  of  factories  to  make  small  ad- 
justments in  the  positions  of  lamps,  &c., 
in  cases  where  the  wrong  direction  of 
light,  by  causing  a  deep  shadow,  was 
obviously  causing  inconvenience  to  a 
worker  or  a  possible  source  of  danger  As 
instances,  one  might  mention  the  presence 
of  an  inconvenient  shadow  at  a  cutting 
edge  or  circular  saw,  or  the  shadows 
thrown  by  projecting  masses  of  machinery 
causing  moving  parts  to  be  in  semi-dark- 
ness. 

I  am  inclined  to  think,  however,  that 
the  part  played  by  shadows  in  industrial 
lighting  deserves  much  fuller  investigation 
than  it  has  yet  received.  One  often  finds 
that  an  objection  to  a  system  of  lighting 
on  the  ground  of  insufficiency  is  really 
due  to  the  light  coming  from  the  wrong 
direction  ;  and  I  believe  that  the  differ- 
ences in  the  requirements  of  different 
industrial  processes  are  based  even  more 
on  shadow  than  on  intensity  of  illumina- 
tion. Lighting  experts  should  bear  this 
in  mind,  when  they  meet  apparently  un- 
reasonable prejudices  on  the  part  of 
clients.  The  latter  sometimes  express  an 
objection  to  some  method  of  lighting, 
which  they  are  unable  to  explain  com- 
pletely, but  which  on  closer  examination 
proves  to  be  well  justified.  In  rooms 
filled  by  different  classes  of  machines  such 
considerations  may  considerably  dis- 
arrange a  regular  system  of  spacing  the 
lamps. 


Speaking  generally,  the  requirements 
as  regards  "  adequate  and  suitable  light- 
ing "  would  be  readily  endorsed  by  light- 
ing engineers,  and  on  pages  47,  50,  51, 
55,  and  57  a  few  typical  illustrations  of 
factories,  lighted  by  gas  and  electricity 
respectively  are  reproduced  in  order  to 
show  that  these  requirements  are  easily 
met. 

Prediction  of  Illumination. 

Assuming,  however,  that  in  good 
installations  an  illumination  is  commonly 
provided  which  more  than  meets  the 
Committee's  requirements,  the  next  ques- 
tion is  whether  it  is  practicable  to  deter- 
mine in  advance  the  actual  illumination 
that  will  result  from  a  given  arrangement 
of  lighting  units  in  specified  positions ; 
to  make  sure,  in  fact,  not  only  that  the 
requirement  as  regards  the  minimum 
general  illumination  for  safety  in  working 
areas  is  satisfied,  but  that  the  illumination 
at  the  point  of  work  is  also  ample. 

To  those  who  are  responsible  for  the 
planning  of  lighting  installations  it  may 
seem  almost  superfluous  to  raise  this 
question  ;  and  in  fact  it  was  conclusively 
shown  in  a  paper  by  Mr.  Clinton  before 
this  Society  in  1914*  that  by  taking  suffi- 
cient care  the  illumination  obtainable  may 
be  calculated  with  considerable  accuracy. 
But  the  fact  that  it  was  recently  stated  in 
a  leading  technical  journal  that  "  no  one 
can  calculate  beforehand  how  much  light 
will  be  required  and  how  much  will  be 
obtained  by  any  suggested  arrangement," 
shows  that  the  resources  of  modern 
illuminating  engineering  in  this  respect 
are  not  sufficiently  widely  known.  The 
view  that  illumination  can  be  pre-deter- 
mined  with  quite  sufficient  accuracy  for 
practicable  purposes  was  endorsed  by  a 
number  of  witnesses  before  the  Committee, 
representing  both  gas  and  electric  lighting. 
I  propose  to  give  a  brief  description  of 
some  of  the  methods  most  commonly 
used  for  this  purpose,  dealing,  however, 
only  with  the  simplest  aspects  of  the 
subject,  and  without  entering  into  the 
more  complete  systems  adopted  by  com- 
panies having  very  full  data  at  their 
disposal. 

A  few  years  ago,  it  would  certainly  have 
been  difficult  for  any  engineer  to  make 

*  Illuminating  Engineer,  April,  1914,  p.  189. 
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these  calculations  without  preliminary 
tests  of  the  lighting  units  he  proposed  to 
employ.  But  at  the  present  time  leading 
companies  issue  polar  curves  of  light  dis- 
tribution of  their  standard  units,  and  it  is 
therefore  easy  to  calculate  not  only  the 
illumination  immediately  under  the  lamp 
when  hung  at  a  prescribed  height,  but  also 
the  illumination  at  a  given  distance  from 
it.  If  a  lamp  hung  at  a  height  h,  gives 
a  candlepower  I  in  the  direction  imme- 
diately below  it.  the  resultant  illumination 
imder  this  lamp  is  I  jh-.  If  we  next  select 
a  spot  at  a  distance  r  from  the  point  im- 
mediately below  the  lamp,  and  if  the 
candlepower  in  that  direction  is  I^  the 
resultant      horizontal      illumination      is 


E  =---•*    cos-^e 


I..h 


These  are  formulae  which  are  perfectly 
familiar  to  lighting  engineers,  and  can  be 
applied  by  anyone  with  engineering 
knowledge.  If  we  are  dealing  Avith  two 
lamps  in  a  row  we  can  by  using  the  above 
formula  obtain  the  illumination  from 
cither  at  any  point  between  them,  and, 
by  adding  up,  the  resultant  illumination 
due  to  both  units. 

The  aim  of  the  designer  of  a  lighting 
installation  is,  as  a  rule,  to  adjust  the  dis- 
tance between  the  two  lamps  so  as  to 
secure  approximately  even  illumination 
between  them  ;  or,  if  he  does  not  wish 
to  do  this,  he  can.  by  the  above  calcula- 
tion, readily  predict  what  the  ajiproximate 
vaiiation  will  be. 

Makers  of  modern  lighting  appliances, 
however,  have  simplified  these  calcula- 
tions by  furnishing  information  regarding 
the  best  relations  between  the  height  and 
distance  apart  of  lamps  in  order  to  secure 
even  illumination.  Three  distinctive 
types  of  distribution  curves,  correspond- 
ing with  "  extensive,"  "  intensive,"  and 
"  focusing  "  reflectors  have  been  adopted, 
and  anyone  who  adopts  these  methods  can 
see  from  the  data  provided  what  the 
direct  illumination  with  the  lamps  at  a 
given  height  may  be.  It  is  true  that  in 
practice  one  cannot  always  adhere  to 
these  rules  exactly,  but  as  a  rule  the 
deviation  resulting  from  a  de])arture  need 
not  be  large,  and  can,  with  a  little  trouble, 
be  allowed  for. 

(In  passing  I  should  like  to  mention 
that,   while  one  can  easily  get  full  in- 


formation of  this  kind  regarding  direct 
lighting,  similar  data  for  indirect  lighting 
are  not  usually  obtainable.  Would  it 
not  be  practicable,  in  this  case,  to  furnish 
data  for  the  spacing  of  units,  and  possibly 
even  approximate  information  as  to  the 
resultant  illumination  ?  Those  who  have 
had  experience  of  indirect  installations 
can  form  a  fair  estimate  of  the  results 
from  a  given  arrangement,  but  many 
engineers  are  less  certain  of  the  results, 
than  in  dealing  with  direct  lighting.) 

It  will  be  observed  that  the  above  data 
refer  to  the  direct  illumination  from  the 
lighting  units,  and  take  no  account  of 
light  reflected  from  walls  and  surround- 
ings. It  is  here  that  less  certainty  is  felt, 
although  the  experienced  can  form  a  very 
fair  estimate  of  the  added  illumination, 
with  a  known  type  of  lighting.  In  some 
cases  an  allowance  may  be  made,  but  if 
little  is  known  as  to  the  nature  of  the 
interior  in  which  the  lights  are  to  be 
installed,  it  is  a  safer  plan  to  regard  the 
added  light  by  reflection  as  a  margin  of 
safety,  with  the  comforting  knowledge 
that  the  illumination  will  certainly  not 
fall  below  the  estimated  value,  and  may 
exceed  it  by  25  or  even  in  exceptional 
cases  50  per  cent. 

The  general  tables  frequently  given  for 
calculating  the  effect  of  surroundings  are, 
in  the  writer's  opinion,  not  very  valuable, 
because  they  do  not  take  into  account  the 
size  of  the  room  or  the  variations  arising 
through  the  use  of  particular  types  of 
units.  A  somewhat  better  method  is 
furnished  bv  some  diagrams  recently  pub- 
lished by  Mr.  S.  W.  Cuttriss  for  E,  I,  and 
F  reflectors,  which  profess  to  take  into 
account  reflection  from  average  surround- 
ings.* 

The  following  rough  rule,  given  in  the 
American  "  Code  on  Factory  Lighting," 
is  worth  bearing  in  mind  : — 

"  With  modern  lamps  roughly  one 
candlepower  per  square  foot  produces  an 
eft'ective  illumination  of  3  foot-candles 
when  the  lam])S  are  arranged  according  to 
the  uniformly  distributed  overhead 
system,  with  mounting  heights  ranging 
from  12  to  16  ft.  above  tlic  floor,  and 
when  the  light  is  directed  from  the  lamps 
to  the  work  in  an  efficient  manner." 

*  Elcc.  Engineering,  Scptcmljcr  9th,  1916, 
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Fig.  3. — Gds  Lij^hting  (low  pressure)  of  a  small  workshop  with  well-screened  lamps. 
Illumination,  provided  by  hjcal  lights,  on  the  benches  on  the  right,  13 — 20  ft. -candles  ;  on  the 
tables  in  the  centre  of  the  room  the  general  illumination  was  57 — 10.5  ft. -candles  ;  at  floor- 
level  in  gangway,  6"1 — 71  ft. -candles  (see  also  lUiim.  Eng.,  Aug.  1915,  p.  339. 


Fig.  4.— Local  Electric  Lighting  in  a  Printing  Works.  Illumination  on  the  tables,  7--11  ft.- 
candles  ;  in  gangway,  1—3  ft. -candles  (approx.).  The  lighting  here  is  on  an  exceptionally 
generous  scale  and  the  illumination  was  aided  by  reflection  from  light  walls  and  ceiling. 
In  another  room,  also  well  lighted  but  with  less  powerful  lamps,  values  on  the  floor  near 
0'5  ft. -candles  were  recorded. 
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Fig.  5. — Typical  general  gas   ighting  (low  pressure)  in  an  engineering  workshop. 


KiG.  6. — Gas  lighting  (l<nv  pressure)  in  a  laundry.     On  benches  over  4  fl. -candles  ;  in 
gangway,  166  ft. -candles. 

(For  other  examples  ol  low  pressure  gas  lighting  see  /////;;;.  Eiii<.,  Aug.  1915.,  p.  430.) 
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The  writer  as  the  result  of  tests  iu 
average  interiors  during  recent  years  has 
been  accustomed  to  reckon  general 
lighting  installations  on  the  following 
approximate  basis.  Naturally  these  data 
only  apply  to  cases  in  which  an  even 
general  illumination  is  aimed  at,  and 
typical  pro]:)erly  designed  lighting  units 
are  used  ;  they  are  also  subject  to  some 
niodification  when  one  is  dealing  res- 
pectively with  very  large  or  very  small 
interiors.  But  they  are  fairly  useful  as 
a  rough  preliminary  guide  : — 


Specific  consum])- 

llliimiiuint. 

System  of 

lion  per  lumen  on 

Lighting. 

working  plane. 

cub.  ft.  per  hr.  per 

ft. -candle  per  sq. 

ft.  illuminated. 

Direct : — 

Low  pres. 

0-01  —0-02 

Gas 

High  pres. 
Indirect : — 

0-003— 0-1 

Low  pres. 

0-02  —0-04 

High  pres. 

0-005— 0-02 

Watts  per  ft.- 

eandle  per  sq.  ft. 

illuminated. 

Direct : — 

Tungsten 

lamps 

0-2  -0-3 

Electricity 

White  arc 
and  half- 

watt  lamps 

0-1  -0-2 

Flame  arc 

0-05—0-1 

Indirect : — 

Tungsten 

lamps 

0-4  -0-6 

Arc  and 

half-watt 

lamps 

0-2  —0-4 

In  these  cases  the  illumination  referred 
to  is  that  on  the  working  plane,  i.e.,  the 
level  of  the  tables  and  benches  where 
work  is  carried  on.  But  it  must  not  be 
inferred  that  the  light  directed  on  the 
surroundings  is  wasted.  In  many  cases 
where  the  illumination  of  large  vertical 
surfaces,  diagrams,  shelves,  &c.,  is  im- 
portant the  additional  illumination  shed 
in  these  directions  by  indirect  and  semi- 
indirect  systems  is  a  compensating  advan- 
tage for  the  relatively  lower  illumination, 
for  a  given  energy  «!xpenditure,  on  the 
working  plane. 

The  necessity  for  allowing  a  certain 
amount  of  light  to  surroundings  is  one 


explanation  why  what  is  called  the 
"■  utilisation  efficiency  "  (the  percentage 
of  the  total  flux  of  li^ilit  from  the  lamp 
received  on  the  working  })lane),  works 
out  to  a  somewhat  low  value,  frequently 
not  more  than  10  or  even  30  per  cent. 
Another  explanation  is  found  in  the  fact 
that,  with  existing  filaments,  there  is  a 
limit  to  the  degree  of  concentration  one 
can  obtain  from  an  ordinary  reflector  ; 
possibly  were  we  to  ixse  sources  more 
nearly  approaching  a  point  "  super- 
focusing  "  effects  could  be  obtained,  and 
for  certain  classes  of  work  this  might  be 
an  advantage. 

It  may  be  observed,  liowever,  that  the 
j)roportion  of  the  total  amount  of  light 
reaching  the  working  plane  tends  to  in- 
crease as  the  area  illuminated  increases 
(assuming  that  lamps  are  kept  at  the  same 
distance  apart).  For  this  reason  one 
finds  that  in  very  extensive  installations 
higher  values  of  illumination  are  obtained 
than  one  at  first  sight  would  expect.  At 
the  other  end  of  the  scale  one  finds  that 
very  small  interiors,  with  light  w^alls,  also 
give  high  results  because  much  of  the  light 
emitted  sideways  is  redirected  on  to  the 
working  plane. 

General,  Local,  and  Localised  General 

Lighting. 

Both  in  framing  rules  for  the  calculation 
of  illumination,  and  in  devising  recom- 
mendations regarding  the  arrangements 
of  lamps  with  respect  to  work,  the  avoid- 
ance of  glare,  &c.,  one  has  to  draw  a 
distinction  between  general  and  local 
lighting.  There  is  no  doubt  that  the  line 
of  demarcation  between  these  two 
methods  has  shifted  considerably  during 
recent  years,  and  it  occurred  to  me  that 
it  would  be  of  interest  to  conclude  this 
paper  with  a  few  remarks  on  this  subject. 
It  has  been  customary  in  the  past  to  dis- 
tinguish between  the  respective  fields  for 
employing  for  "  general,"  "  localised- 
general,"  and  "  local  "  lighting.  General 
illumination  is  admittedly  the  best 
system  for  a  workroom  when  it  is  desired 
to  illuminate  the  entire  area  of  the 
room  equally  well  all  over.  When  a  room 
is  almost  completely  filled  by  rows  of 
workers  engaged  on  identical  operations 
one  should  clearly  aim  at  a  well-diffused 
flood  of  illumination  over  the  working 
area.     It  was  formerly  the  custom  to  treat 
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such  rooms  by  pendant  lam2:)s  over  each 
individual  machine  or  group  of  machines, 
to  allot  so  many  lamps  per  bench,  &c., 
the  lights  being  usually  of  relatively  small 
candlepower,  and  mounted  only  a  few 
feet  above  the  working  level.  The  deve- 
velopnient  of  more  highly  efficient  gas 
and  electric  units  during  recent  years  has 
quite  changed  this  problem.  The  ten- 
dency now  is  undoubtedly  to  use  more 
powerful  lamps,  if  necessary,  in  suitably 
concentrating  forms  of  reflectors,  and  to 
place  them  high  up  near  the  ceiling,  at 
the  same  time  taking  full  advantage  of 
the  reflecting  power  of  light  surroundings. 
This  "  overhead  system  "  does  away  with 
long  lengths  of  wire  or  piping,  and  leaves 
the  room  completely  clear  so  that  the 
foreman  can  see  from  end  to  end.  This 
system  is  advantageous  from  the  stand- 
point of  avoiding  inconvenient  shadows, 
and  it  has  the  great  merit  that  the  position 
of  benches  and  machinery  can  be  altered 
without  its  being  necessary  to  rearrange 
the  positions  of  lamps. 

In  rooms  that  are  satisfactorily  lighted 
on  the  above  system  the  illumination  re- 
quisite in  the  interests  of  safety  will 
almost  invariably  be  exceeded  through- 
out. If  the  illumination  is  well  diffused, 
and  provision  for  local  lighting  of  certain 
machines  is  made,  one  would  even  recom- 
mend general  lighting  in  rooms  which  are 
filled  with  machines  of  different  char- 
acter, the  floor  space  being  completely 
occupied. 

Local  lighting  is  still  regarded  as 
essential  in  cases  where  the  work  is  of  a 
specially  delicate  or  complicated  char- 
acter. The  rise  in  the  standard  of 
illumination  during  recent  years,  and  the 
development  of  better  types  of  reflectors, 
has  certainly  resulted  in  general  bghting 
being  applied  in  many  cases  where  local 
lighting  would  once  have  been  considered 
necessary.  But  there  still  remain  many 
operations  where  a  local  light  is  needed, 
chiefly  cases  where  the  illumination  nmst 
reach  an  exceptionally  high  value  such 
could  not  economically  be  ])rovided 
throughout  the  entire  room,  or  when  the 
efficiency  of  the  work  depends  on  the  play 
of  light  and  shade,  and  the  craftsman 
likes  to  alter  the  position  of  the  material 
with  regard  to  the  light  in  order  to  detect 
small  irregularities  on  its  surface. 

A  good  example  of  the  transition  stage 


from  local  to  general  lighting  is  afforded 
by  offices.  Formerly  in  large  offices, 
banks,  &c.,  every  clerk  had  his  own 
individual  shaded  lamp.  More  recently 
general  diffused  illumination  has  been  in- 
troduced, and  the  development  of  illu- 
minants  certainly  makes  this  system 
much  more  practicable  than  in  days  gone 
by.  The  local  system  is,  however,  still 
preferred  in  many  offices,  and  it  remains 
to  be  seen  whether  it  will  be  displaced 
entirely.  One  point  in  connection  with 
local  lighting  may  be  insisted  upon,  the 
provision  of  a  moderate  general  illuminant 
in  addition  to  the  strong  local  lighting, 
so  as  to  avoid  undue  contrast  between 
the  illumination  of  the  work  and  the 
surroundings.  A  general  value  of  at 
least  0.5 — 1  foot-candles  might  be  sug- 
gested. On  the  other  hand,  when  general 
illumination  is  used  one  must  guard 
against  too  little  contrast ;  one  frequently 
hears  it  said  that  the  eye  likes  to  be 
"  rested  "  by  the  gaze  being  transferred 
from  the  brightly  illuminated  work  to  the 
subdued    surroundings.  The    physio- 

logical basis  of  this  problem  is  still  obscure 
and  re(]uires  further  study. 

It  is  sometimes  said  that  the  so-called 
"  localised-general  "  lighting  is  destined  to 
disappear  entirely,  and  that  presently  we 
shall  have  only  local  or  general  illumina- 
tioU;  or  a  combination  of  the  two.  At 
the  present  time,  however,  there  seem  to 
be  classes  of  rooms  where  something 
resembling  localised  general  lighting  is 
inevitable.  For  example,  in  rooms  where 
the  ceiling  is  low  it  may  be  impracticable 
to  produce  well  diffused  general  illumina- 
tion throughout  the  room,  and  the  right 
course  is  therefore  to  attend  to  the  re- 
quirements of  the  various  machines,  if 
necessary,  supplementing  this  system  by 
extra  intermediate  lights  where  necessary 
to  bring  up  the  floor-illumination  to  a  safe 
level.  Individual  lights  for  certain 
machines  or  tables  are  again  used  in  those 
workrooms  (niore  common  in  jirovincial 
and  country  districts  than  in  London), 
where  large  ])ortions  of  the  floor  are  left 
unoccu])ied,  and  the  manager  does  not 
see  the  necessity  for  })roviding  a  strong 
illumimition  except  at  the  places  where 
actual  work  is  going  on.  Basemc)\t 
])rinting  works  often  fall  in  this  class, 
])artly  on  account  of  the  nature  of  the 
work,  partly  owing  to  the  ceilings  being  in 
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general  low.  In  other  cases  the  nature 
of  the  work  makes  it  necessary  to  leave 
larife  free  s])aces  for  material  to  be  trans- 
ferred from  lifts  and  unpacked  ;  in  yet 
other  cases  it  may  ha})]»en  that  only 
cntain  machines  are  used  at  the  same 
tiuie.  and  the  whole  Hoor  is  never  at  work 
simultaneously.  I)i  such  cases  the  light- 
ing must  be  ""  sectioned,""  even  if  on  the 
general  system. 

As  an  instance  of  an  industry  where 
local  lighting  seems  likely  to  be  replaced 
by  general  illumination,  one  may  take 
clothing  factories.  Here  we  usually  find 
that  an  entire  room  is  occupied  by  rows 
of  sewing  machines  doing  almost  identical 
operations,  but  the  illumination  re(|uircs 
to  be  exceptionally  high,  especially  when 
dark  materials  are  used,  and  local  lighting 
has  therefore  been  hitherto  largely  em- 
ployed. In  one  of  the  very  latest  fac- 
tories now  working  on  khaki  material, 
general  lighting  with  half-watt  lami)s  has 
now  been  adopted. 

In  one  room  the  consumption  is  about 
1.25  watts  per  square  foot  of  floor  area, 
and  the  general  illumination  is  10 — 12 
foot-candles.  (This  value  is  somewhat 
higher  than  is  actually  needed,  owing  to 
the  fact  that  at  the  time  the  installation 
was  made  only  300  watt  "  half-watt  " 
lamps  were  available.) 

In  the  second  room  the  consumption 
is  0.75  watts  per  square  foot,  and  the 
illumination  7 — 9  foot-candles.  The  pro- 
vision of  such  a  high  general  illumination 
is  somewhat  unusual  but  has  proved  very 
advantageous,  and  is  adapted  to  the  finest 
work  and  the  darkest  materials.  The 
spacing  of  the  lights  in  appropriate  re- 
flectors, and  the  good  reflection  from  the 
light  surroundings,  enables  any  ordinary 
kind  of  work  to  be  done,  whereas  with  the 
old  system  of  local  lighting  there  Avere 
certain  operations  (sewing  button  holes, 
for  example),  which  were  hampered  by 
inconvenient  shadows. 

In  spite  of  the  lavish  illumination,  the 
running  cost  of  the  lighting  is  very  reason- 
able. In  most  industries  where  highly 
skilled  operations  are  carried  on,  the  cost 
of  lighting  forms  only  a  small  proportion 
of  the  turnover. 

The  above  example  is  interesting  as  a 
change  from  local  to  general  illumination. 
The  problem  of  liuhting  sewing  machines 
can,  however,  be  met  in  quite  a  different 
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"Local"  Lighting  of  Scwini 
Macliincb. 


60  watt  lamps  in  suitable  reflectors  whicli 
completely  screen  the  light  from  the  eyes  of 
the  operators,  at  a  height  of  2l  feet  above 
table.  Note  the  extra  light  at  end  of  bench 
to  avoid  inconvenient  shadows. 


Crosses  indicate  position  of  machines, 
indicate  position  of  lamps. 
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Fig.  8. — General  Lighting  of  Sewing  Machine 
Benches. 

200  watt  "  Half-Watt "  lamps  10  feet  above 
floor  and  12--14  feet  apart,  give  an  illumina- 
tion of  about  8  ft.-candles.  Kefiectors  appro- 
priate for  spacing  (intensive).  Benches  are 
usually  about  4J  feet  across,  and  machines 
3  — 3i  feet  apart. 

A  photograph  of  an  installation  designed  in 
this  manner  is  shown  on  the  opposite  page. 


Crosses  indicate  position  of  machines 
indicate  position  of  lamps. 


Dot- 
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';.— A  system  of  Special  Local  Lighting  ui 
Sewing  Machines. 


A  6-volt  55  c.p.  glow  lamp  with  small  para- 
bolic reflector,  placed  about  6  inches  from 
the  needle,  gives  very  strong  illumination  of 
the  work,  and  the  light  is  completely 
screened  from  the  operator, 
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Fig.  10. — Consumption  l'2S  waits  per  square  foot.     Illumination  10 — 12  ft. -candles. 


Fin.  11. — Consumption  075  watts  per  square  fool.     Jllumination  7     ')  fi. -candies. 


Lighting  of  a  Clothing  Factory  with  Half-watt  Lamps. 
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nianncr,  naiiu'ly,  by  the  use  of  very  small 
laiiii)s.  mounted  close  to  the  needle  of  the 
machine,  so  as  to  constitute  a  variety  of 
"  sj)ecial  local  lighting."  On  this 
"  Permel "  system  miniature  6  volt, 
5.5  candlepower  lanij)s  in  small  parabolic 
reflectors  are  placed  about  six  inches  from 
the  point  of  the  needle,  the  lamp  being 
completely  screened  from  the  operator 
and  a  very  strong  local  illumination 
obtained.  The  system  is  most  conveni- 
ently ajiplied  from  an  alternating  current 
circuit.  The  pressure  is  transformed 
down  to  6  volts  ;  if  alternating  current  is 
used,  one  125  watt  transformer  will  supply 
23  machines.  The  small  lamps  may  also 
be  fed  by  a  rotary  converter  or  even 
from  a  battery  of  accumulators.  Natur- 
ally the  use  of  such  small  lamps  is  a  great 
economy,  and  the  system  seems  well 
adapted  for  very  fine  work.  It  is,  how- 
ever, necessary  to  supplement  this  intense 
local  illumination  by  a  suitable  general 
lighting,  so  as  to  avoid  undue  contrast 
with  the  surroundings  and  permit  super- 
vision of  work.  This  is  a  good  example 
of  a  case  in  which  the  minimum  illumina- 
tion on  the  floor,  prescribed  by  the  Com- 
mittee, in  the  interests  of  safety  and  con- 
venience, would  be  of  great  importance, 
quite  apart  from  that  provided  for  the 
work. 

The  varied  applications  of  local  and 
general  lighting  are  also  well  exemplified 
in  machine  shops.  In  an  erecting  shop 
a  good  general  illumination  is  necessary 
as  a  basis,  and  some  good  examples  of  the 
overhead  system  are  reproduced  (Figs.  1, 
2  and  12).  Even  here,  however,  portable 
lamps  may  be  desirable  for  close  inspection 
of  special  work,  while  it  would  generally 
be  agreed  that  lathes  and  benches  require 
either  local  or  localised  general  lighting. 
For  fine  work,  ability  to  adjust  the  position 
of  the  light  is  of  importance,  and  in  deep 
boring  it  may  even  be  an  advantage  to 
have  a  small  light  which  can  be  actually 
inserted  into  the  aperture. 

In  these  cases,  and  likewise  in  the 
ilhunination  of  drilling  and  planing 
niachines,  the  direction  from  which  the 
light  comes  is  important,  and  good 
general  illumination  alone  is  probably 
hardly  sufficient.  Automatic  machinery 
is  really  a  special  case  in  itself,  in  view  of 
the  fact  that  the  special  local  illumination 
is  really  only  required  in  setting  the  t(jol 


and  arranging  the  work ;  once  the 
machine  is  set  in  operation  a  moderate 
general  illumination  suffices.  This  illus- 
trates the  distinction  l)etween  "  inspec- 
tive  ■'  and  "  detective  "'  work  drawn  by 
the  Committee. 

Another  circumstance  that  has  favoiired 
the  use  of  general  illumination  for  factory 
lighting  is  the  simplification  of  machinery 
and  diminution  of  shafting  and  belts, 
owing  to  the  application  of  local  electric 
driving.  Generally  speaking,  in  machine 
shops  where  there  are  a  large  number  of 
moving  belts  and  overhead  shafting  general 
lighting  is  inapplicable,  owing  to  the  in- 
terruption and  flickering  shadows  caused 
by  these  moving  objects  ;  local  lighting 
must  therefore  be  used.  The  same  applies 
to  weaving  rooms  in  textile  mills,  except 
that  the  method  in  this  case  might  more 
fitly  be  described  as  localised  general 
lighting,  seeing  that  one  light  is  com- 
monly allotted  to  two  or  four  looms. 
But  here  again  in  the  very  latest  mills 
the  obstruction  to  light  from  above  has 
been  diminished,  and  a  well  diffused 
system  of  general  lighting  might  in  this 
case  be  practicable. 

There  are  many  points  in  connection 
with  industrial  lighting,  such  as  the 
choice  of  large  or  small  units,  the  effect 
on  the  illumination  of  deposits  of  dust  on 
the  lighting  units,  the  need  for  correct 
colour  discrimination  in  certain  trades,  &c. 
In  order  to  keep  this  introduction  within 
reasonable  limits,  I  have  also  confined 
myself  to  artificial  illumination.  Vol.  Ill 
contains  very  full  data  on  daylight  con- 
ditions, but  these  deserve  separate  con- 
sideration. 

I  should,  however,  like  to  conclude 
these  remarks  by  reference  to  one  other 
matter — the  iauportance  of  reflected  light 
from  the  surroundings.  Attention  to  this 
point  will  assist  almost  all  the  require- 
ments of  the  Home  Ofiice  Committee,  and 
will  do  much  to  compensate  for  unsatis- 
factory features  in  the  design.  This  re- 
flected light  is  most  valuable  in  strengthen- 
ing the  illumination  in  parts  of  the  room 
most  remote  from  the  lamps,  and  keeping 
it  above  the  minimum  necessary  for 
safety.  In  addition,  it  is  now  recognised 
that  most  objects  cannot  be  completely 
seen  unless  thev  are  illuminated  from 
manv    different    directions.     It    is    the 
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Fig.  12. — Overhead  Liiihtiiii^  in  En^inceriiit^  Workshop  :  general  ilhunination  I'l  —  r82  ft. -candles 

Illumination  on  titter's  bench,  8 — 12'5  ft. -candles, 
lllinnination  on  milling  machines,  3'2  ft. -candles. 
Illumination  on  lathes,  3*5 — 85  ft. -candles. 


Fig.  13. — Swiss  Milk  Factory  (see  also  llliiiii.  Kii/i.,  Aug.  1915,  jl  342). 
Illumination  on  floor,  2  ft. -candles  ;  at  points  of  work,  32 — 55  ft. -candles. 

Two  examples  of  Modern  High  Pressure  Gas  Lighting. 
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absence  of  these  reflected  rays  which 
makes  outdoor  lighting  such  a  difficult 
matter,  even  when  the  illumination  is 
from  a  ])hotometric  standpoint  relatis^ely 
high  and  uniform.  So  well  is  this  recog- 
nised that  in  some  factories  in  the  United 
States,  not  only  the  ceiling  and  walls,  but 
also  the  floor  and  the  non-moving  parts  of 
machinery,  are  painted  in  a  light  colour. 
Something  might  also  be  learned  from  the 
prevailing  conditions  in  our  streets.  The 
practice  of  using  whitened  kerbs  might  be 
copied  more  frequently  in   the   case   of 


platforms,  stairways,  &c.,  and  in  all 
places  where  a  fall  might  have  serious 
consequences. 

In  conclusion  special  acknowledgment 
should  be  made  of  the  courtesy  of  the 
following  firms,  who,  among  others,  have 
furnished  photographs  and  data  regarding 
lighting  installations  : — The  Gas  Light  & 
Coke  Co.,  the  South  Metropolitan  Gas  Co., 
i\Iessrs.  Jas.  Keith  and  Blackman,  Ltd., 
Holophane  Ltd.,  The  British  Thomson 
Houston  Co.,  Ltd.,  and  Benjamin  Electric 
Ltd. 


DISCUSSION 


The  Chairmax,  in  expressing  the 
thanks  of  the  Meeting  to  Mr.  Dow  for  his 
very  comprehensive,  interesting  and  well 
illustrated  paper,  remarked  that  it  was 
not  so  much  controversial  as  informa- 
tive ;  it  did  not  call  so  much  for  dis- 
cussion as  for  study.  At  any  rate  that 
was  his  opinion,  although  it  might  not  be 
shared  by  others  who  were  present, 
and  it  was  possible — indeed  he  hoped — 
that  there  would  be  an  interesting  dis- 
cussion. 

The  only  point  he  himself  had  noted 
was  Mr.  Dow's  query  as  to  whether  local 
or  general  lighting  was  desirable  for 
offices  and  banks.  In  his  opinion  with 
the  possibility  of  getting  good  general 
illumination  at  a  moderate  cost,  the 
desire  for  local  illumination  would  largely 
die  out,  but  it  all  depended  upon  the 
intensity  of  the  application  to  the  work 
that  was  called  for,  because  in  the  case 
of  work  demanding  intense  concentration 
of  the  eyes  for  lengthy  periods  as  in 
sorting  letters,  the  workers  usually  found 
that  it  was  much  more  restful  to  be  able 
to  glance  up  occasionally  from  the  work 
to  darker  surroundings,  rather  than  to 
have  the  surroundings  and  the  work 
equally  illuminated.  He  believed  in  the 
Post  Office  it  was  found  necessary  at  the 
request  of  the  sorters  to  moderate  the 
general  lighting  in  order  that  they 
might  get  rest  for  their  eyes  when  they 
looked  away  from  their  work.  His  own 
experience  in  office  work  was  that  good 
general  illumination  was  sufficient.  His 
office  was  lighted  by  a  lamp  in  the  ceiling 
perfectly  satisfactorily,  and  he  had  done 
away  with  the  old  desk  lamp  which  at 
gne  time  was  thought  indispensable. 


Mr.  H.  C.  Wheat  said  he  was  pleased 
to  be  able  to  show  a  number  of  slides 
confirming  many  of  the  points  mentioned 
by  Mr.  Dow — for  instance,  the  suitability 
of  general  illumination  for  a  large  number 
of  situations  without  the  necessity  for 
local  lights,  and  the  fact  that  all  lamps 
could  be  placed  high  and  properly 
screened  without  loss  of  efficiency. 

A  point  on  which  Mr.  Dow  did  not 
touch,  and  one  of  paramount  importance, 
was  the  question  of  diffusion.  This  was 
a  difficult  thing  to  define  or  demonstrate, 
but  the  speaker  showed  slides  made  from 
photographs  of  a  demonstration,  in  which 
it  was  possible  to  compare  the  shadows 
from  two  similar  lamps,  one  equipped 
with  a  diffusing  appliance,  and  one  with- 
out. It  could  be  seen  from  these  that 
there  was  a  very  great  difference  in  the 
character  of  the  shadows.  In  the  one 
case  they  were  hard,  with  clearly  defined 
edges,  and  in  the  other  soft  with  a 
gradual  change  from  dark  to  light. 
Good  diffusion  is  an  essential  of  satis- 
factory lighting,  particularly  where  this 
takes  the  form  of  general  illumination. 

Mr.  Wheat  also  remarked  that  the 
measurement  of  illumination  on  a  hori- 
zontal plane  alone  was  not  a  sufficient 
indication  of  the  value  of  an  installation. 
Generally  speaking,  vertical  illumination 
was  equally  important. 

Some  of  the  speakers  appeared  to  infer 
that  the  replacement  of  local  lights  by 
general  illumination  was  something  new 
and  untried.  This,  however,  was  not  the 
case,  and  a  number  of  slides  were  shown 
illustrating  installations  employing  only 
general  lighting  of  various  types,  which 
had    been    carried    out    over    a    period 


THE  ILLUMINATING  ENGINEER  (feb.  1916) 


59 


Fig.  1. — Diffusion — Similar  lamps  equipped  with  similar  types  of  reflectors.  That 
on  right  polished  surface,  that  on  left  dcpolished  surface.  Note  softening  of 
shadows  from  depolished  surface. 


Fig.  2.-  Illumination  of  a  modern  drawing  oflice  with  scmi-indircct  units  and  half-w.ilt 
lamps,  with  a  view  to  avoidinij  inconvenient  shadows. 


.V;.  //.  C".  Wheat. 
C 
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covering  several  years,  and  which,  having 
the  requisite  diffusion,  were  entirely 
sufficient  for  the  purposes  for  which  they 
were  designed.  The  slides  cover  examples 
of  offices  employing  indirect  and  semi- 
indirect  lighting,  where  the  conditions 
were  particularly  severe,  and  a  variety 
of  engineering  and  textile  works  with 
direct  lighting. 

One  slide  was  shown  illustrating  a 
])Oition  of  a  large  boot  factory,  which 
was  equipped  solely  with  local  lighting 
giving  a  very  brilliant  light  on  the  work, 
and  practically  none  on  the  floor.  Such 
conditions  would  be  much  improved  if 
the  recommendations  of  the  Committee 
were  enforced,  and  sufficient  general 
lighting  provided  to  secure  the  necessary 
minimum  illumination  on  the  floor, 
thereby  reducing  very  strong  contrasts 
which  existed. 

As  regards  the  lighting  of  sewing- 
machine  benches  by  general  illumination, 
the  speaker  stated  that  his  experience 
showed  that  this  could  not  be  successfully 
accomplished  on  account  of  the  over- 
head obstruction  from  the  machines 
themselves.  He  showed  a  slide  of  an 
installation  equipped  with  local  lights, 
and  in  which  a  sufficient  general  illumin- 
ation was  provided  by  the  light  reflected 
from  the  benches. 

Some  slides  were  also  shown  illustrating 
the  fact  that  \vith  properly  equipped 
lamps  these  could  be  raised  far  above 
the  line  of  vision,  and  with  considerable 
gain  in  the  shadow  effect. 

Before  concluding,  the  speaker  said  he 
would  ask  if  the  recommendations  of  the 
Committee  regarding  minimum  illumin- 
ation on  the  floor  were  to  be  taken 
literally,  i.e.,  the  darkest  spot  that  could 
be  found,  or  simply  a  fair  average  ? 
The  exact  interjjretation  would  make  a 
very  great  deal  of  difference. 

Mr.  C.  C.  Paterson  (National  Physical 
Laboratory)  endorsed  all  that  Mr.  Dow 
had  said,  and  emphasised  one  or  two  of 
the  points  mentioned.  With  regard  to 
what  it  was  stated  was  done  in  American 
Factories  in  whitening  floors,  &c.,  he 
would  like  to  know  how  the  whitening  of 
floors  was  carried  out.  He  remembered 
going  over  one  factory  where  the  floor 
was  tiled  with  light  coloured  tiles,  and  it 
was  extraordinary  what  a  small  illumina- 


tion sufficed  to  make  it  look  relatively 
brilliant.  Floors  would  do  with  appre- 
ciably less  than  the  0.25  ft.  candle  recom- 
mended in  the  Committee's  report  if 
they  were  generally  lighter  coloured. 
Floors  in  many  factories,  however,  were 
of  wood  blocks  or  planks  which  got  very 
dirty,  and  it  would  be  nice  to  know  a 
satisfactory  way  in  which  these  could  be 
kept  clean  in  the  interests  of  appearance 
as  well  as  safety. 

On  the  cjuestion  of  diversity  factor, 
he  thought  that  generally  a  relatively  low 
degree  of  even  illumination  was  preferable 
to  high  illumination  but  with  a  big 
diversity  factor.  The  more  one  saw  of 
factory  lighting  the  more  one  was  im- 
pressed that  it  was  not  really  necessary 
to  have  long  schedules  of  illumination 
values  different  for  each  class  of  work. 
Work  could  be  divided  very  roughly  into 
three  or  four  groups,  as  suggested  in  the 
paper,  but  there  was  one  class  which 
should  be  considered  separately  which 
was  not  mentioned  in  the  table  shown  by 
Mr.  Dow,  and  that  was  textile  work.  He 
did  not  mean  weaving  but  the  making  up 
of  ordinary  materials  and  fabrics.  Such 
classes  of  work  require  separate  con- 
sideration because  3.5  ft.  candles  would 
not  be  sufficient  for  dark  materials. 

With  regard  to  indirect  lighting,  it 
would  be  advisable,  as  suggested,  to  have 
a  little  more  data  to  enable  us  to  know 
what  the  diversity  factor  was  and  what 
the  distribution  of  the  light  was  in 
typical  cases,  worked  out  to  the  same 
degree  of  accuracy  as  had  been  done  with 
direct  lighting.  Indirect  light  to  him 
was  in  many  respects  an  ideal  system. 
Every  system  had  certain  disadvantages, 
but  he  could  not  conceive  a  better  system 
for  very  many  classes  of  work.  There 
was  only  one  instance  in  the  report  where 
indirect  lighting  seemed  to  fail,  and  that 
was  where  the  character  of  the  work 
depended  upon  producing  shadows  or 
graduation  of  shade  as  in  a  self-toned 
fabric  where  the  different  strands  were 
only  distinguishable  from  each  other  by 
this  means. 

Mr.  A.  CuNN'iNGTON  (L.  &  S.  W.  Rail- 
way Co.)  said  that  some  work  he  had  done 
approximated  closely  to  factory  work, 
namely,  the  lighting  of  large  covered 
soods  warehouses.     The  floors  of  these 
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F^iG.  3. — Wcaviii"'  shed,     tieneral  illuinination. 


Fig.  4. — Tiiniiiiii  simp.     General  illuinination. 
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warehouses  were,  in  regard  to  lighting 
requirements,  very  similar  in  condition 
to  the  floor  of  a  factory  in  that  they  were 
largely   occupied   by  obstacles,   such   as 
packing  cases,  etc.,  lying  about  somewhat 
promiscuously,  but  with  certain  passage- 
ways in  between.     He   had  collected  a 
few  figures  of  a  number  of  tests  he  had 
carried  out  at  diflterent  goods  warehouses, 
which   showed   there    was   no    difficulty 
in  arriving  at  the  figure  of  0.25  ft. -candles 
as    a    minimum    for    the    floor.     This 
figure,    however,    represented    what    he 
called  the  general  minimum  ;    in  other 
words  he  had  not  gone  into  the  very 
darkest  corner  of  the  room  in  order  to 
take  the  reading,  but  had  measured  the 
illumination     midway     between     lamps. 
Taking  the  case  of  a  long  row  of  gas  lamps 
down    a    narrow    platform,    the    figure 
of  0.25  ft. -candles  as  a  minimum  was 
often     exceeded.      The     actual     values 
between  lamps  varied  from  0.2  to  0.4 
ft. -candles.     He  might  mention  one  other 
particular   case    of   a   very   large    shed, 
in  which  arc  lamps  were  used,  where  the 
maximum    was    very    high,    and     the 
minimiun    fell    rather    low,    the    actual 
figures    being   5.0   and    0.15    ft.-candles 
respectively.     By  substituting  half-watt 
lamps  for  the  arc  lamps,  the  maximum 
was  reduced  to  1.0  ft.-candles,  and  the 
minimum  increased  to  0.25  ft.-candles, 
and  the  Ughting  was  consequently  very 
much  better.     This  served  to  emphasise 
a  point  which  he  considered  very  im- 
portant, viz.,  the  avoidance  of  excessive 
contrast.     When  high  candle  power  units 
Avere  used,  great  care  should  be  taken  in 
calciilating  height  and  spacing,  so  that 
there    was    not    too    great    a    diversity 
between   the   maximum   and   minimum. 
He  had  many  times  established  the  fact 
that  if  greater  uniformity  were  aimed  at, 
a  lesser  maximum  intensity  would  suffice. 
The  condition  and  colour  of  the  floor 
had,  of  course,  a  very  marked  influence 
on  the  illumination  required  for  seeing 
objects  ;    therefore   the  minimum   fixed 
should  be  such  as  would  clearly  show  up 
an   object,   even   when  there   was  very 
slight  contrast  between  it  and  the  floor. 
It  had  been  suggested  to  him  that  if  it 
were     possible     to    obtain     a     uniform 
illumination  of  0.25  ft. -candle  throughout, 
the  appearance  would  be  that  the  floor 
was  inadequately  lighted,  and  obstacles 


would  not  be  clearly  visible.  As  a 
matter  of  fact  he  had  discovered  an  area 
of  about  30  ft.  square,  in  which  the 
illumination  was  0.25  ft. -candle  practically 
all  over,  and  he  could  assure  them  that, 
although  the  floor  was  dark  in  colour, 
there  was  no  difficulty  in  distinguishing 
objects  by  this  light.  He  himself  con- 
fessed to  being  surprised  to  find  what 
a  bright  illumination  0.25  ft.-candle 
really  was. 

With  regard  to  whitening  steps  as  a 
safeguard,  there  was  one  difficulty  that 
he  might  refer  to.  The  point  was  that 
as  soon  as  a  step  was  whitened,  the 
person  doing  so  accepted  responsibility 
for  keeping  it  white,  This  was  the  case 
with  railway  platforms,  and  it  saddled 
railway  companies  with  that  responsi- 
bility. The  trouble  was  that  a  whitened 
step  quickly  became  dirty,  and  if  then 
somebody  fell  down,  the  person  re- 
sponsible for  whitening  it  in  the  first 
place  was  likely  to  be  held  responsible 
for  the  accident. 

Mr.  L.  Gaster  said  Vol.  III.  of  the 
Home  Office  Keport  was  a  most  useful 
production,  containing  a  unique  survey 
of  existing  lighting  conditions  in  the 
classes  of  factories  visited.  This  volume 
would  be  most  serviceable  to  lighting 
engineers  and  the  thanks  of  the  Society 
were  due  to  the  Home  Office  for  under- 
taking this  laborious  piece  of  work. 

He  thought  all  would  agree  that  Mr. 
Dow  had  collected  an  excellent  series 
of  practical  examples  of  installations, 
showing  that  the  requirements  of  the 
Report  could  be  easily  met  by  modern 
methods,  Mr.  Dow  had  dealt  in  an 
entirely  impartial  manner  with  the 
information  kindly  afforded  by  various 
members  relating  to  gas  and  electric 
installations. 

There  were  many  points  of  interest  in 
the  paper.  He  would  like  to  refer  par- 
ticularly to  one  of  these  points — the 
matter  of  shadows.  It  was  not  enough 
merely  to  provide  a  certain  amount  of 
illumination  ;  it  was  also  necessary  to 
arrange  the  lamps  and  reflectors  so  as 
to  avoid  inconvenient  shadows  which 
had  often  confusing  results.  For  example 
a  deep  shadow  on  the  floor  might  mask 
an  obstacle,  leading  an  operator  to 
stumble,  or  to  mistake  the  position  of  an 
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aperture  in  the  floor  ;  conversely  deep 
shadows  sometimes  led  people  to  think 
there  were  obstructions  on  the  floor 
when  they  did  not  exist. 

As  regards  the  interpretation  of  the 
minimum  values  of  illumination,  he 
felt  sure  that  reasonable  latitude  would  be 
allowed  and  that  there  was  no  intention 
in  the  Report  of  causing  any  hardship. 
He  agreed  with  Mr.  Paterson's  remarks 
regarding  the  sympathetic  attitude  of 
the  authorities  in  these  matters. 

Mr.  F.  W.  WiLLCOX  (British  Thomson- 
Houston  Co.)  :  With  regard  to  the  light- 
coloured  floors  referred  to  by  Mr.  Paterson, 
it  will  be  found,  I  think,  that  when 
buildings  are  properly  lighted  the 
tendency  will  be  to  keep  the  floors  clean 
and  they  will  therefore  be  much  lighter 
particularly  if  the  wood  is  of  a  light 
natural  colour)  than  under  the  general 
conditions  where  factories  and  rooms  are 
poorly  lighted.  Many  of  the  floors  in 
American  factories  are  made  of  a  light 
coloured  or  white  wood  and  can  be 
scoured  and  kept  quite  clean.  In  other 
cases  floors  are  covered  with  light  floor 
coverings  such  as  linoleum,  etc. 

For  illumination  in  general  I  think 
we  should  keep  in  mind  an  ideal,  and, 
I  think,  the  ideal  result  in  illumination 
should  be  an  unconscious  one.  It  is  a 
sign  of  health  and  efi&ciency  when  results 
are  worked  out  unconsciously.  A  man 
in  perfect  health  is  not  conscious  of  his 
stomach  or  other  organs.  Good  lighting 
should  subscribe  to  the  same  conditions 
and  like  day-light  should  be  so  distributed 
and  arranged  as  to  secure  the  results 
desired  unobtrusively. 

There  is  a  further  point  to  be  borne  in 
mind  in  connection  with  illumination 
and  that  is  there  is  something  more 
in  illumination  than  it  is  possible  to 
express  in  mere  physical  values  such  as 
candle  power  in  foot-candles.  As  an 
expression  of  illumination  results  such 
physical  values  are  incomplete  as  there 
are  physiological  and  psychological  efl'ects 
which  need  to  be  considered.  In 
illumination  we  not  only  have  to  deal 
with  the  source  of  light  and  its  accessories 
such  as  the  reflector  or  glass  globe, 
but  with  the  object  to  be  illuminated 
upon  which  the  light  falls,  and  finally, 
the  most  important  of  all,  the  eye  of 


the  observer  which  must  receive  the  light 
reflected  from  the  object.  It  is  the  eye 
which  is  affected  by  the  physiologcal 
and  psychological  causes  and  there  would 
seem  to  be  special  conditions  of  illumina- 
tion in  certain  kinds  of  lighting  such  as 
indirect  lighting  which  enables  the  eye 
to  function  better  under  one  form  of 
light  than  with  another  form  giving  the 
same  physical  value  of  illumination. 

It  is  possible,  for  example,  to  increase 
the  total  amount  of  light  in  a  room  to  the 
serious  detriment  of  the  illuminating 
effect  because  a  brilliant  glaring  light 
in  a  room  causes  the  pupil  of  the  eye  to 
contract  and  with  a  greater  amount  of 
light,  less  actually  gets  into  the  eye  ; 
therefore  the  illuminating  effect  secured 
is  poorer  than  it  would  have  been  with  a 
lesser  amount  of  light  properly  diffused 
or  distributed.  These  conditions  empha- 
sise particularly  Mr.  Wheat's  remarks 
concerning  the  importance  of  diffusion. 
The  excellent  difiusion  obtained  by 
indirect  lighting  is  thus  one  of  the  greatest 
sources  of  its  satisfaction  to  the  user. 
With  the  perfect  diffusion  given  by 
indirect  lighting  the  pupil  of  the  eye 
opens  more  freely,  and  therefore  tends  to 
receive  more  light ;  the  observer  can 
thus  see  to  better  advantage  than  where 
the  light  is  poorly  diffused  and  the  pupil 
of  the  eye  contracts  through  glare  or 
excessive  brilliancy. 

As  regards  the  question  of  local  lighting 
versus  general  lighting,  it  is  an  inevitable 
result  in  the  advance  in  efficiency  of 
illuminants  that  there  should  be  a  pro- 
gressive tendency  towards  general  light- 
ing in  place  of  local  lighting.  The  steps 
can  readily  be  traced  from  the  early 
candle,  which  required  the  worker  to  sit 
with  the  book  or  work  close  to  the  flame 
in  order  to  see  perfectly  ;  to  the  table 
oil  lamp,  where  the  reader  or  worker 
could  move  the  lamp  some  distance  away  ; 
to  the  early  gas  lamj)  which  could  be 
placed  some  distance  above  the  reader  or 
worker ;  to  the  electric  lamps  which 
could  be  placed  still  higher;  and  so  on 
to  the  latest  lamps  which  can  be  placed 
on  the  ceiling  of  interiors  and  with  proper 
equipment  of  diffusing  globes,  give 
sufficient  and  economical  illumination  for 
the  average  working  condition. 

There  are  many  cases  of  work,  such  as 
the    letter    sorting    referred    to,    where 
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local  lighting  is  desirable,  but  in  all  such 
cases  it  would  be  sup])lemented  l)y  general 
illumination  as  well.  Such  general 
illumination  need  not  be  of  the  same 
degree  as  that  where  local  lighting  is 
employed,  but  it  should  be  sufficient  to 
avoid  too  great  a  contrast  between  the 
light  cast  by  the  local  lamj)  and  the  light 
of  the  general  surroundings. 

Oculists  maintain  that  the  eye  suffers 
serious  impairment  when  it  works  in  a 
room  that  is  absolutely  dark  generally 
with  strong  local  illumination  on  book 
or  work.  The  reason  given  for  this  is 
that  the  pupil  of  the  eye  is  expanded  in 
conformity  with  the  general  dark  sur- 
roundings and  when  it  views  the  locally 
illuminated  spots  the  pupil  usually  suffers 
by  taking  in  too  much  light  as  well  as  by 
the  changes  it  undergoes  in  trying  to 
adapt  itself  to  the  two  widely  separate 
degrees  of  illumination.  Therefore,  where 
local  and  general  illumination  are 
employed  care  should  be  taken  to  avoid 
too  great  a  contrast  between  the  two. 

Mr.  0.  E.  Grigsby  expressed  his 
aproval  of  the  rough  division  of  manu- 
facturing operations  according  to  the 
amount  of  illumination  required,  as 
indicated  in  the  table  quoted  from  Mr. 
Dow  from  the  American  Code.  It  seemed 
desirable  that  factory  inspectors  should 
have  such  classifications  made  for  their 
guidance.  No  doubt  this  question  of 
values  for  Industrial  Operations  would 
receive  the  attention  of  the  Committee 
in  future  work.  He  pointed  out  that  the 
value  of  0.25  given  in  the  American  Code 
is  for  Storage,  Stairways  and  the  like, 
while  the  value  specified  by  the  Com- 
mittee for  these  areas  is  only  0.1,  and  that 
for  working  areas  a  much  higher  value 
than  the  0.25  was  apparently  suggested 
in  the  Code. 

The  discussion  showed  clearly  the 
alteration  in  the  conditions  in  factories 
brought  about  by  improved  lamps  and 
lighting  appliances.  He  observed  that 
in  most  of  the  factories  visited  by  the 
Committee  old  types  of  lamps  were  used, 
so  with  newer  types  the  mininuim  specifi- 
cations could  be  materially  exceeded  and 
the  illumination  raised  to  a  higher  value 
without  the  cost  being  burdensome. 

The  effect  of  the  walls  and  ceiUng  in 
increasing  the  illumination  of  the  working 


plane  was  an  important  matter.  There 
was  a  well  known  table  which  was  used  in 
America  for  calculating  this  increase. 
According  to  this  table  with  very  dark 
walls  and  ceilings  an  increase  of  15  per 
cent,  might  be  allowed  for  ;  with  walls 
and  ceiUngs  of  the  medium  tint  an  increase 
of  40  per  cent.  ;  with  very  light  ceilings 
but  dark  walls  30  per  cent.  ;  with  both 
walls  and  ceiling  light,  as  much  as  80  per 
cent. 

Mrs.  Cloudesley  Brereton  said  there 
were  two  points  she  would  comment  upon 
in  relation  to  this  matter  which  Mr.  Dow 
had  raised.  The  first  was  with  regard 
to  physiological  conditions.  She  would 
like  to  remind  some  of  those  present  who 
might  have  heard  Sir  John  Cockburn's 
speech  at  the  time  of  the  National  Gas 
Exhibition,  when  he  spoke  of  the  physio- 
logical effect  of  ample  illumination  and 
gave  his  experience  of  the  stimulating 
effect  of  good  lighting  when  he  was 
fatigued  and  worn  out  at  night.  He  said 
that  under  those  conditions  he  sometimes 
turned  on  every  light  in  his  library,  and 
the  result  was  as  good  as  a  bottle  of  cham- 
pagne. This  had  a  distinct  bearing  on 
output  in  factories,  because  the  experience 
of  employees  was  that  the  effect  of  work- 
ing in  a  large  amount  of  light  equivalent 
almost  to  sunshine,  had  such  an  effect 
upon  the  spirits  of  the  workers  that 
physiologically  girls,  at  any  rate,  were  in 
better  health.  That  was  a  fact  to  be 
brought  home  to  employers  of  labour. 

The  particular  case  the  Chairman  men- 
tioned about  the  sorters  in  Post  Offices 
was  also  an  important  one,  and  as 
another  speaker  had  said,  the  contrast 
between  the  light  on  the  working  plane 
and  the  general  lighting  must  not  be  too 
great.  This  contrast  was  now  to  be  seen 
very  much  in  the  lighting  of  the  streets, 
and  with  motor  cars  especially,  but  taking 
the  lighting  of  factories  generally,  good 
lighting  had  a  very  important  physio- 
logical and  psychological  effect  upon 
the  workers.  If  backward  factory 
managers  could  be  brought  to  comply 
with  the  recommendations  of  the  Home 
Office,  they  would  certainly  find  they 
would  obtain  increased  output,  which  was 
a  thing  to  be  considered  very  much  in  the 
near  future. 

The  second  point  was  the  question  so 
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often  brought  before  the  Society,  and 
that  was  the  necessity  for  the  close 
co-operation  between  builders,  decorators 
and  illuminating  engineers.  The  figures 
given  by  the  last  speaker  were  significant 
in  this  connection,  as  they  showed  it 
was  possible  to  get  an  increase  of  80  per 
cent,  illumination  in  comparison  with  zero 
according  to  the  scheme  of  decoration 
adopted.  It  therefore  behoved  the  fac- 
tory manager  and  the  factory  owner  to 
consider  his  decoration  as  part  of  his 
illumination  problem.  As  one  inter- 
ested in  public  health  matters  she  hoped 
this  co-operation  would  soon  be  an 
accomplished  fact,  and  would  bring  about 
that  state  of  cleanliness  and  general 
health  in  factories  which  was,  imtil  lately, 
hardly  dreamed  of  except  by  incurable 
optimists. 

Mr.  C.  H.  Pitman  spoke  on  the  question 
of  glare  and  the  necessity  of  keeping  down 
the  intrinsic  brilliancy  of  lighting  imits. 

One  of  the  most  satisfactory  forms  of 
lighting  in  this  connection,  he  said,  was 
the  Moore  tube. 

For  the  same  reason  ideally  indirect 
lighting  would  be  most  satisfactory  from 
a  lighting  point  of  view  in  a  factory 
where  general  lighting  is  installed,  but 
there  would  be  a  difficulty  in  keeping 
the  reflectors  and  local  surroundings  clean, 
consequently  loss  of  light  would  be  enor- 
mous, making  it  impracticable. 

He  therefore  thought  it  would  be 
admitted  that  the  semi-indirect  system 
would  be  the  nearest  practicable  approach 
to  the  indirect  method  of  lighting,  as  it 
did  not  suffer  from  the  great  depreciation 
in  lighting  value,  and  with  sufficient  care 
in  design  it  was  quite  possible  to  manu- 
facture a  unit  which  will  not  collect  dirt, 
&c.,  unduly. 

Mr.  Dow  had  laid  particular  emphasis 
on  the  fact  that  all  liglits  should  be  out  of 
the  direct  eye-line  unless  adequately 
shaded — meaning  that  the  covering 
reflector  should  be  brought  round  the 
light  surface  to  hide  the  lamp  from  the 
eye  when  looking  across  the  workshop. 
But  it  is  quite  possible  to  design  a  semi- 
indirect  fitting  to  be  hung  at  medium 
height  and  having  a  large  diffusing  sur- 
face, thus  entirely  avoiding  glare.  This 
at  the  same  time  is  a  big  step  in  the 
direction  of  breaking  up  shadows,  and  the 


greater  the  area  of  the  reflecting  surface 
the  better  this  is  accomplished. 

Mr.  E.  Stroud  {communicated) : — 
In  the  discussion  on  the  Home  Office 
Keport  a  great  deal  of  attention  has 
been  devoted  to  the  proposed  minimum 
illumination  of  0.25  ft.  candles.  The 
provision  of  such  a  minimum  is  good, 
but  at  the  same  time  I  would  like  to 
point  out  that  there  is  another  factor 
of  equal  importance  which  requires  to  be 
specified,  and  that  is  the  ratio  of  contrast 
in  illumination.  It  is  clear  that  should 
there  be  in  certain  sections  of  a  factory 
a  very  intense  illumination,  a  minimum 
of  0.25  ft.-candles  (or  even  higher) 
would  not  suffice  for  safety.  I  notice  that 
among  the  examples  mentioned  by  Mr. 
Dow  was  a  certain  factory,  lighted  by 
carbon  filament  lamps,  where  the  illumin- 
ation on  the  work  was  1  foot-candle  and 
the  minimum  value  in  the  working  area 
0.2  ft.-candles.  These  are  admittedly 
low  values,  and  the  fact  that  they  were 
apparently  considered  sufficient  seems 
to  be  due  to  the  ratio  of  maximum  to 
minimum  illumination  being  small,  and 
undue  contrast  thus  avoided. 

Mr.  Dow  also  raises  the  question 
whether  one  can  predict  the  actual 
illumination  that  will  result  from  a  given 
arrangement  of  lighting  units.  This  is 
quite  practicable  in  the  case  of  direct 
lighting  if  one  uses  reflectors  whose 
distribution  curve  is  known,  and  the  only 
two  variable  factors  to  be  taken  into 
account  are  the  reflection  from  surround- 
ings, and  the  actual  candle  power  of  the 
lamps  used. 

The  increase  in  illumination  due  to 
reflected  light  from  surroundings  can  be 
ascertained  for  a  given  class  of  reflectors, 
and  has  been  published  for  their  reflectors 
by  the  Holophane  Co.  for  many  years. 
These  figures,  which  were  quoted  in  a 
the  course  of  the  discussion,  must  not  be 
taken  as  general  for  any  type  of  reflector. 
For  example,  in  the  majority  of  industrial 
installations  opaque  reflectors  are  used 
and  it  is  therefore  obvious  that  no 
reflection  from  ceilings  and  extremely 
little  reflection  from  walls,  will  be 
obtained. 

The  prediction  of  results  by  indirect 
lighting  seems  to  be  a  rather  harder 
proposition,  and  I  should  doubt  if  it  is 
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possible  to  state  beforehand  with  any 
degree  of  accuracy  the  results  attained 
with  this  form  of  lighting.  Mr.  Dow 
mentioned  one  case  where  much  less 
illumination  was  expected  than  was 
actually  obtained,  and  I  myself  have 
taken  out  several  series  of  tests  in  which 
predicted  results  have  not  been  realised, 
results  varying  in  both  directions. 

The  other  point  which  naturally  affects 
the  results  in  practice  is  the  light  given 
from  the  lamps  used  with  reflectors. 
If  the  actual  candle  power  of  a  lamp  differs 
widely  from  its  rated  value  the  expecta- 
tions of  a  lighting  engineer  will  naturally 
not  be  complied  with.  This  illustrates  the 
need  for  co-operation  between  makers  of 
lamps  and  reflectors. 

As  regards  the  suggestion  made  by 
Mr.  Willcox  that  less  illumination  is 
required  for  a  given  process  by  indirect 
than  by  direct  lighting,  this,  of  course, 
is  a  highly  debatable  matter,  on  which 
further  research  is  needed. 

Mr.  G.  Campbell  {communicated) : — 
Mr.  Dow's  paper  appeals  to  me  as  an 
excellent  Addenda  to  the  discussion  on 
Mr.  Gaster's  Notes  before  the  Society  in 
November  last,  and  there  is  no  doubt  will 
form  a  very  good  lead  for  more  practical 
information  of  this  kind. 

In  referring  to  the  many  variations  in 
the  actual  illumination  applied  in  different 
factories  for  similar  processes,  the  need 
for  some  recognised  standards  of  illumin- 
ation on  the  working  plane  for  such  and 
other  processes  is  emphasised.  Whether 
or  no  the  average  of  the  values  recorded 
in  the  tables  mentioned  in  Vol.  III.  of 
the  Report  would  produce  the  correct 
figures  is  a  matter  for  investigation^t 
may  be  found  that  the  large  majority  of 
instances  are  not  satisfactory  from  the 
point  of  view  of  "  adequate  "  illumination 
— one  cannot  help  feeling,  as  suggested 
by  Mr.  Dow,  that  the  recommendations 
in  the  American  Code  might  very  well 
form  a  basis  for  these  standards,  par- 
ticularly if  the  averages  of  the  tabulated 
values  to  some  reasonable  extent  coincide. 

Too  little  has  been  said  in  considering 
these  matters  regarding  the  large  decrease 
in  efficiency  due  to  the  collection  of  dust 
and  dirt  on  light  units  in  use.  Mr.  Dow 
made  a  reference  to  this  point.  A  regular 
cleaning  should  be  carried  out,  if  necessary 


by  compulsion,  as  this  alone  would 
improve  the  illumination  of  thousands 
of  factories  and  workshops,  while  old 
electric  lamps  and  worn-out  gas  mantles 
should  at  the  same  time  be  replaced. 
An  allowance  for  this  rapid  deterioration 
should  be  made  in  designing  installations 
based  on  photometric  results  from  new 
and  unused  units. 

The  avoidance  of  glare  increases  the 
ability  of  the  operatives  to  see,  and  it  is 
pleasing  to  note  the  strong  references 
Mr.  Dow  makes  on  the  subject.  It 
would  be  intersting  for  some  member  to 
submit  to  the  Society  in  connection  with 
industrial  and  other  lighting  some  data 
on  the  relative  increase  in  the  "  ability 
to  see  "  due  to  the  shading  of  bright 
lights  in  the  range  of  vision. 

It  may  be  mentioned  in  connection 
with  inconvenient  shadows  that  where  a 
reasonably  economical  scheme  of  general 
illumination  will  not  dispense  with  serious 
shadows  it  is  a  sure  thing  that  local 
illumination  is  an  absolute  necessity — of 
course  if  light  units  are  placed  in  the 
wrong  position  it  is  obvious  annoying 
shadows  result. 

In  conclusion,  I  am  sorry  that  Mr.  Dow 
did  not  give  us  his  views  on  lateral  or 
side  lighting — one  of  the  most  difficult 
problems  in  industrial  lighting.  To  get 
satisfactory  side  lighting  and  at  the  same 
time  comply  with  requirement  (3) 
regarding  shading  of  lamps,  requires 
very  special  attention  unless  of  course 
there  is  plenty  of  headroom  to  place  the 
lights  high  above  the  vertical  plane  of 
illumination. 

I  am  sure  the  Society  is  indebted  to 
Mr.  Dow  for  his  paper. 

Mr.  J.  S.  Dow  (in  reply) :  I  must 
express  my  thanks  for  the  kind  way  in 
which  my  introductory  remarks  have 
been  received  ;  I  am  glad  to  think  that 
the  discussion  has  been  useful  in  clearing 
up  some  of  the  points  discussed  at  our 
meeting  last  November. 

Much  has  been  said  on  the  debatable 
question  whether  general  or  local  illumin- 
ation is  best  for  offices ;  Mr.  Wheat 
showed  some  interesting  examples  of  the 
former  method.  I  think,  however,  as 
Mr.  Goodenough  pointed  out,  that  much 
depends  on  the  concentration  of  attention 
required  in  the   work ;   for  simple  and 
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more  or  less  habitual  processes  general 
illumination  would  doubtless  suffice. 

Mr.  Wheat  suggested  that  more 
emphasis  should  be  placed  on  diffusion. 
I  thought  I  made  this  clear  when  alluding 
to  the  importance  of  light  interiors,  and 
I  entirely  agree  that  in  most  industrial 
processes  light  striking  the  objects  from 
many  different  directions  is  necessary. 
These  conditions  are  best  secured  by 
utilising  the  reflecting  power  of  light 
walls  and  ceilings  ;  and,  as  Mr.  Paterscn 
remarked,  for  many  kinds  of  work 
indirect  and  semi-indirect  systems  have  an 
advantage  in  this  respect.  I  also  agree 
with  Mr.  Wheat  that  a  measurement  of 
the  horizontal  illumination  is  not  every- 
thing necessary,  and  that  one  must  judge 
an  installation  also  by  consideration  of 
other  factors,  such  as  diffusion,  absence 
of  glare,  etc.  But,  as  was  long  ago 
shown  by  Mr.  Trotter,  a  measurement  of 
the  horizontal  illumination  is  much  the 
most  convenient  single  measurement  that 
could  be  prescribed. 

Mr.  Campbell  referred  to  the  rather 
difficult  cases  where  a  side-illumination 
is  needed,  and  yet  glare  must  be  avoided. 
As  mentioned  above,  this  is  often  merely 
a  question  of  diffusion,  and  reflection 
from  light  surroundings  is  helpful.  When 
a  strong  uni-(lire:lional  light  is  needed 
for  some  special  purpose  one  can  usually 
avoid  glare  by  employing  well-shaded 
local  lights. 

As  regards  the  whitening  of  floors,  a 
concrete  floor  often  reflects  a  very  useful 
amount  of  light,  and,  as  Mr.  Willcox 
mentioned,  light  wood  floors  can  be  kept 
clean  if  the  processes  taking  place  do 
not  give  rise  to  much  dirt  or  dust.  In 
very  grimy  workshops,  foundries  for 
example,  nmch  reflection  from  the  floor 
can  hardly  be  expected. 

Several  speakers,  Mr.  Cunnington,  Mrs. 
Cloudesley  Brereton  and  Mr.  Stroud, 
referred  to  the  effect  of  contrast.  I 
quite  agree  that  severe  contrasts  in 
illumination  may  render  a  higher  illumin- 
ation necessary,  as  was  shown  in  a 
valuable  paper  recently  read  by  Dr. 
Nutting,  before  the  American  Convention. 
It  is,  hov.ever,  somewhat  difficult  to  fix 
a  limit,  and  provided  "  a  reasonable 
degree  of  uniformity,"  as  prescribed  in 
the  rie])ort,  is  provided,  the  contrast 
should  not  be  excessive  ;  the  efl'ects  of 


such  severe  contrasts  are,  however, 
usually  less  trying  than  the  glare  from 
exposed  sources  of  light. 

Mr.  Paterson  was  inclined  to  doubt 
whether,  even  in  those  cases  where  it  is 
desired  to  illuminate  the  entire  working 
area  evenly,  the  variation  in  illumination 
would  not  exceed  25  per  cent.  I  quite 
agree  that  this  figure  would  be  exceeded 
in  most  installations,  nor  is  such  strict 
uniformity  absolutely  necessary.  I 
mentioned  this  figure  merely  as  an  indi- 
cation of  the  conditions  that  might  be 
secured  when  scientifically  designed  re- 
flectors are  used  and  spacing  rules  rigidly 
adhered  to,  and  where  no  local  conditions 
interfered  with  the  carrying  out  of 
the  installation  on  the  theoretically 
approved  methods. 

Mr.  Grigsby  gave  some  figures  for 
calculating  the  effect  of  light  surround- 
ings. I  think  that  we  must  agree  with 
Mr.  Stroud  that  siich  tables  are  not  a 
safe  guide  unless  the  system  of  lighting 
to  which  they  refer  is  also  indicated. 
So  much  depends  on  the  amount  of  light 
directed  downwards.  Another  most  im- 
portant factor  is  the  size  of  a  room.  In 
a  small  room  reflection  from  the  walls, 
which  are  quite  close  to  the  object 
viewed  may  have  a  very  considerable 
effect ;  but  in  a  large  hall  with  lofty 
ceiling  the  illuminated  surfaces  are  so 
distant  from  the  centre  of  the  room  that 
they  render  very  little  help.  We  then 
approach  the  conditions  found  in  exterior 
illumination. 

Mr.  Grigsby,  in  referring  to  the  0'25 
minimum,  pointed  out  that  the  figures 
quoted  in  the  American  Code  were 
apparently  somewhat  higher.  I  think 
that  if  the  Keport  is  properly  interpreted 
the  illumination  necessar}^  in  the  interests 
of  safety  will  be  found  to  be  very  similar 
to  that  specified  in  the  Code.  It  must 
be  remembered,  too,  that  the  three 
higher  classes  of  illumination  stated  in 
the  Code  are  intended  to  suffice  for  the 
■work  done  as  well  as  being  necessary  for 
safety.  There  seems  to  be  a  consensus 
of  opinion  that  the  specification  of  the 
amount  of  illumination  necessary  for 
industrial  processes  might  be  simj)lified 
by  division  into  several  main  uroups,  as 
indicated  in  the  Anunican  Code. 

Several  other  sj)eakers  inquired  as  to 
the    exact    interpretation    of    the    0  25 
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minimum  (e.g.,  as  to  whether  this  would 
refer  to  small  areas  of  the  floor  in  partial 
shadow,  etc.).  It  is  really  not  desiralile 
to  make  such  a  sjtecification  too  rigid; 
and  I  can  only  echo  the  remarks  of  Mr. 
Gaster  and  Mr.  Paterson  in  expressing 
the  belief  tha^  such  standards  would  not 
be  interpreted  harshly,  and  that  in  cases 
where  a  deviation  from  the  standard 
obviously  caused  no  detriuient  to  workers 
or  employers,  reasonable  latitude  would 
be  allowed. 


ERRATA. 

We  regret  that  through  a  clerical  error  an 
abstract  (4  cols.)  of  the  Home  Office  Report 
on  Factory  Lighting  in  the  Electrical  Revieic 
for  September  17th  was  inadvertently  omitted 
in  the  table  of  Press  comments  published  in 
The  Illuminating  Engineer  for  December, 
1915,  p.  490. 

We  are  glad  to  record  this  additional  instance 
of  the  attention  given  in  the  technical  press  to 
this  important  Report. 


In  The  Ilhtminating  Engineer  (January, 
1916)  the  illustrations  referred  to  as  Figs.  2  and 
3  in  the  text,  pp.  14 — 15,  were  accidentallj' 
interchanged. 

The  matter  referring  to  Fig.  2  should  apply 
to  Fig.  3  and  vice  versa. 
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THE    ILLUMINATING    ENGINEERING 
SOCIETY  (U.S.A.). 

Mid-Winter  Convention  to  celebrate  the 
Decennial  of  the  Existence  of  the 
Society. 

We  note  with  interest  that  a  special 
Convention  of  the  American  Illuminating 
Engineering  Society  was  held  in  New 
York,  on  February  lOth — 11th,  this  being 
the  celebration  of  the  decennial  of  the 
Society's  existence.  A  number  of  in- 
teresting papers  were  read,  reviewing 
past  progress  and  making  suggestions 
for  the  future. 

A  cabled  message  of  good  wishes  was 
sent  to  the  Illuminating  Engineering 
Society  in  London  by  the  President  (Dr. 
Charles  P.  Steinmetz)  as  follows  : — 


"  The  Illuminating  Engineering  Society, 
32,  Victoria  Street, 

London,  S.W. 

The  Illuminating  Engineering  Society  in  the 
United  States,  upon  the  celebration  of  the 
decennial  of  its  organisation,  extends  to  the 
Illuminating  Engineering  Society  greetings 
and  best  wishes." 

This  message  was  responded  to  as 
follows  : — 

"  Tlie  Illuminating  Engineering  Society. 
239,  West  39th  Street," 

Xew  York. 

Society  heartily  reciprocates  greetings  and 
good  wishes." 

All  members  will  join  in  wishing  our 
friends  in  the  United  States  continued 
prosperity  and  success  in  the  good  work 
they  are  accomplishing. 
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CORRESPONDENCE. 


THE  EFFECT  OF  SHAPE  OF  FILAMENT  ON  DISTRIBUTION  OF  LIGHT  FROM 
STANDARD  TYPES  OF  REFLECTORS. 


Feb.   8th,   1916. 
To     the.     Editor    of    the     Illuminating 

ENCilNEER. 

Dear  Sir, 

With  further  reference  to  Professor 
Morris's  paper  on  "  Recent  Developments 
in  Electrical  Incandescent  LamjDS  in 
Relation  to  Illuminating  Engineering,"' 
and  published  in  the  January  issue  of  the 
journal,  I  should  be  greatly  obliged  if  you 
would  insert  in  the  February  issue  the 
enclosed  three  sets  of  polar  distribution 
curves  which  have  an  important  bearing 
on   Professor  Morris's  remarks. 

These  sets  of  cvu-ves  shew  the  com- 
parison of  the  distributions  obtained  by 
using  Holophane  Extensive,  Intensive, 
and  Focussing  Reflectors,  with  the 
ordinary  straight  filament  lamps  and  with 
the  bunched  filament  similar  to  that 
employed  in  the  gas  filled  type. 

The  bare  lamp  curves  are  plotted  for 
coiuparison  purposes,  the  horizontal  CP 
to  equal  100. 

It  will  be  seen  that  by  using  the 
bunched  filament  the  characteristic  cm"ves 
are  not  altered,  but  are  accentuated  to  a 
marked  degree,  the  E  and  I  curves  giving 
50%  more  light  at  45  degrees  and  30 
degrees  respectively,  and  in  the  F  type 
a  considerable  increase  in  the  downward 
direction. 


These  results  are  proved  in  the 
figures  given  by  Professor  Morris  for  the 
lighting  of  the  drawing  office  of  the  East 
London  College,  where  by  using  spiral - 
form  filaments  instead  of  straight  type, 
and  using  the  same  Holophane  Reflectors 
he  reduces  his  consumption  by  33%  and 
increases  his  Horizontal  Illumination  by 
33% — an  important  saving. 

In  Professor  Morris's  remarks  ho 
suggests  that  this  increase  in  illumination 
is  due  to  the  filament  being  so  formed 
as  to  tlirow  more  light  in  a  downward 
direction.  But  this  increase  will  be 
found  to  be  due,  not  to  the  mere  fact 
of  the  filament  being  so  formed,  but  to 
the  greater  efficiency  of  the  Reflector 
itself  in  these  circumstances.  Prismatic 
Reflection  is  such  that  the  smaller  the 
sotirce  of  light  (that  is,  the  nearer  we 
approach  the  point  source)  the  greater 
will  be  the  efiiciency  of  reflection,  but 
also  it  must  be  borne  in  mind  that  greater 
care  is  necessary  in  placing  the  source  in 
its  proper  focus.  It  is  in  this  respect 
that  lamps  must  be  designed  so  that  a 
greater  percentage  of  the  light  flux 
above  the  60  degree  zone  may  be  collected 
by  the  Reflector  and  distributed  where 
it  is  needed. 

Yours  faithfully, 

E.  Stroud. 


.Vio 


"  6^RE  TUNjiTEN   STRRlG^T   TiLquENT. 
SRMt-  URMP  WITH   MOLOPHONC    E    TVPE 


MUlilMUM  C.P.    t  lOO. 
=  SAME  LOMP  WITH  HOLOPhMNC  E  TyPC 

<^e.pi-ecToq. 
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=  Boat  TUNc^TEN  ST^ftlyHT  FlLflMENT  ~  BRf^E  HflUF-wqTT   UflMP  PUDTTED  10 

LP|MPPLiTrn:DTOMF\X.C.P.=  lOO  MflviMuM.C  P.  =!00 

=  iHN\F-  UflMP  WITH  HOUJPHRNElF  TNPE  =  3f\Me  UflMP  WITH  HOLOPHFINeF TYPt 

PiErL£CT3(^.  .  RtFueCTOH. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

—  •  •  •  •  »- 

[At  the  request  of  many  of  our  readers  we  liave  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


B.T.H.   ELECTRIC   INCANDESCENT 
LAMPS. 

The  latest  list  uf  ineanflescent  lamps 
issued  by  the  British  Thomson  Houston 
Co.,  Ltd.,  is  und(3ubtedly  one  of  the  most 
complete  we  have  received  for  some  time. 
Lamps  ranging  from  the  smallest  battery 
variety  up  to  the  liigh  candleiDOwer  half- 
watt  types  are  listed  ;  the  dimensions 
of  the  bulbs  are  stated  in  each  case  and  a 
block  is  given  showing  the  general  shape 
of  the  filament. 

We  notice  also  that  an  attempt  is  made 
to  include  in  the  list  some  suggestions 
regarding  the  use  of  the  lamps,  and  that 
photos  of  installations  and  of  a  few  typical 
fittings  are  included.  The  list  very  pro- 
perly commences  by  an  explanation  of 
the  difference  between  mean  horizontal 
and  mean  spherical  candlepower.  It  is 
remarked  : — 

"  The  efficiency  of  lamps  is  usually  expressed 
in  terms  of  its  mean  Horizontal  candlepower, 
i.e.,  watts  per  mean  Horizontal  candlepower. 
It  should  be  stated,  however,  that  this  basis 
for  comparison  is,  correct  only  for  lamps  having 
the  same  shaped  filaments  or  filaments  giving 
the  same  ratio  of  mean  horizontal  to  moan 
spherical  candlepower.  The  spherical  efficiency 
or  watts  per  Mean  Spherical  Candlepower  is  a 
correct  basis  of  comparison.     .     .     ." 

Formulae  are  accordingly  given,  enabling 


the  two  quantities  to  be  relateil  for 
certain  types  of  lamps.  The  proposal 
is  also  made  that  lamps  are  more  pro- 
perly rated  in  "  lumens  per  watt." 

There  are  two  suggestions  we  ANuuld 
like  to  make  regarding  a  future  edition 
of  this  list  ;  firstly,  that  polar  curves 
of  a  few  typical  filaments,  both  for  gas- 
filled  and  vacuum  lamps  shoidd  be  given  ; 
and,  side  by  side  with  them,  the  corres- 
ponding curves  for  the  saine  lamps  in 
typical  reflectors,  such  as  are  used  in 
]jractical  lighting  calculations  ;  second!;/ 
that  in  the  tables  of  costs  the  ex})ense  of 
lamps  and  current  should  be  separated  so 
that  consumers  can  ascertain  when  it  is 
inost  economical  to  use  ordinary  or  half- 
watt  lamps. 

SHELL-INSPECTING  HAND  LAMPS. 

Besides  general  illumination  in  a 
factory,  it  is  often  needful  to  provide 
special  lighting  at  some  particular  point. 
An  instance  is  afforded  by  deep  borings, 
such,  for  example,  as  occur  in  shell-work, 
where  a  special  hand -lamp,  which  can  be 
passed  into  the  interior,  is  useful.  The 
illustration  shows  a  lamp  of  this  kind 
supplied  by  the  B.T.H.  If  necessary 
these  small  lamps  can  be  worked  from 
accumulators  or  di-y  cells 


A  useful  B.T.H.  Lamp 
for  shell  inspecting. 
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REVIEWS     OF    BOOKS. 


/Standard  Cloths,  Structure  and  Manu- 
facture. By  Roberts  Beaumont,  M.Sc, 
M.I.Mech.E.  (Scott  Greenwood  and 
Son,  London,  1916)  ;  325  pages,  16 
plates,  150  illustrations.) 

At  the  present  time,  when  all  are  im- 
pressed by  the  need  for  studying  and 
maintaining  the  great  national  industries, 
this  volume  deserves  special  notice. 
The  author,  as  Professor  of  Textile 
Industries  at  Leeds  University,  has  had 
special  opportunities  of  studying  the 
technical  side  of  cloth  manufactiu-e, 
and  no  httle  expert  knowledge  is  necessary 
to  appreciate  the  methods  of  producing 
the  various  qualities  of  fabric  and  blends 
of  colours.  In  the  first  two  chapters 
there  is  a  full  account  of  the  nature  of 
fabrics,  illustrated  by  useful  micro- 
scopic illustrations.  Then  we  have  a 
synopsis  of  cloths  and  an  account  of 
special  fabrics  light  in  weight  and 
structure,  medium  weight  worsteds,  over- 
coating materials,  felt,  etc. 

Of  special  interest  to  us  is  the  account 
of  the  methods  of  producing  standard 
colours,  such  as  tartans,  khaki  and 
French  grey.  To  many  people  it  will 
come  as  a  surprise  to  find  that  khaki, 
as  used  for  army  work,  is  a  blend  of  quite 
a  number  of  different  shades.  These 
points  are  illustrated  by  several  excellent 
colour  plates,  and  the  numerous  diagrams 
and  illustrations  throughout  the  volume 
form  a  most  useful  feature.  We  should 
have  liked  to  have  heard  a  little  more 
regarding  the  methods  of  selecting 
standard  colours  and  the  extent  to  which 
such  processes  are  affected  by  variations 
in  the  colour  of  light  used  to  illuminate 
the  inaterial  ;  but  possibly  this  point 
is  covered  in  one  of  the  author's  other 
numerous  works. 

Those  interested  in  standard  practice 
in  specifying  textile  materials  should  find 
this  work  of  considerable  interest. 


Practical  Lrssois  of  t/ie  War.  (The 
Engineer  Office,  3.3,  Norfolk  Street, 
London,  W.C.    Price  2d.) 

Under  the  above  title  The  Engineer 
issues  a  series  of  six  articles  which 
appeared  in  that  journal  during  1915. 
The  object  is  to  point  out  clearly  (1) 
the  effect  of  the  war  on  British  Industries  ; 

(2)  the  manner  in  which  our  industries 
ar»  likely  to  be  situated  after  the  war  ; 

(3)  a  means  of  over-coming  the  various 


anticipated  obstacles  ;  (4)  the  necessity 
of  concerted  action  between  Great 
Britain  and  her  Allies  ;  and  (5)  solutions 
of  this  difficult  problem. 

The  articles  make  interesting  reading 
and  contain  many  interesting  suggestions. 

The  Practical  Electricians  Pocket  Book. 
Edited  by  H.  T.  Crewe.  (S.  Rentell  and 
Co.,  London,  1916.    474  pages.) 

This  little  red  volume  appears  once  more 
As  usual  it  is  full  of  condensed  informa- 
tion and  we  note  that  several  new 
chapters  have  been  included  dealing  with 
such  matters  as  electric  vehicles,  drills, 
blowers  and  lifting  magnets,  mining 
telephones  and  shaft  signals,  etc. 

In  the  brief  section  on  lighting  we  notice 
what  seems  a  reasonable  classification 
as  regards  the  illumination  required  for 
various  purposes  ;  it  might,  however, 
be  well  to  distinguish  more  clearly 
between  the  illumination  required  for 
various  processes,  and  the  illumination 
needful  as  a  measure  of  safety. 

There  is  also  a  page  containing  polar 
curves  of  typical  electric  lamj^s,  a  brief 
account  of  inodern  electric  illuminants, 
and  a  section  on  photometry. 


Established 
1885. 


Established 
1885. 
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ALL    PIPED    FOR    GAS. 

We  are  indebted  to  The  Gas  Industry 
(New  York)  for  the  accompanying  photo- 
graph showing  the  great  new  Woolworth 
building  in  New  York  City,  the  entire 
structure  of  which  is  piped  for  gas. 

The  immense  height  of  the  building 
and  the  array  of  brightlj'-lit  windows 
must  make  it  a  prominent  object  visible 
from  a  considerable  distance,  so  that  it 
forms  an  excellent  advertisement  of 
gas-lighting  on  a  big  scale, 

GAS    AND    MUNITIONS    OF    WAR. 

In  a  recent  lantern  lecture  delivered 
before  the  Derby  Society  of  Engineers, 
Mr.  H.  i\I.  Thornton,  M.Inst.Mech.E.. 
in  describing  the  manifold  uses  to  which 
gas  is  put  in  the  manufacture  of  minii- 
tions  of  war,  gave  a  few  interesting  facts 
in  regard  to  the  famous  75  mm.  shells. 
The  furnace  used  in  French  and  Belgian 
factories  for  "  heading "  these  shells, 
he  said,  is  very  strongly  made,  and  the 
top  part,  which  looks  like  a  turret, 
revolves  upon  ball-bearings,  the  speed 
being  completely  under  control.  The 
heating  capacity  of  the  machine,  for 
which  gas  and  air-blast  are  used,  is  120 
shells  per  hour.  A  single  powerful 
bvirner  plays  on  the  bottom  of  the  fiu"nace 
from  the  top,  and  the  interior  is  so 
arranged  that  the  end  of  the  shell  only 
is  heated  with  that  accuracy  which  is 
so  essential.  It  is  interesting  to  note 
that  this  particular  furnace  is  built  in 
tills  country  for  our  Allies. 

Among  other  illustrations  of  the 
special  uses  of  gas  in  munition-making 
at  the  present  time,  Mr.  H.  M.  Thornton 
mentioned  the  thermo -treatment  of 
metals  as  exemplified  in  the  various 
stages  of  shell-making,  the  construction 
of  aeroplanes  and  motor-cars  and  the 
manufactiire  of  tools  of  various  kinds. 


GLOBES  FOR  SALE. 

For  Sale,  14  handsome  English  cut  and 
engraved  Ulass  Cllobes  for  electric  light, 
suitable  for  large  hall.  Height,  12  in., 
circumference  25  in. — Apply  Box  20,  e  /o 
The  Illu^hnating  Engineer,  32,  Vic- 
toria Street,  London,  S.W. 


The  large  new  Wuohvorth  building  in  New 
York,  lighted  throughout  by  gas. 


MODERN  ILLUMINATION  AS  APPLIED 
TO    GAS    LIGHTING. 

A  LECTURE  on  the  above  subject  was 
given  by  INIr.  E.  Stroud  at  a  recent 
meeting  of  the  Scottish  Junior  Gas 
Association.  JNIr.  Stroud  referred  to  the 
recent  Home  Office  Report  on  Lighting 
in  Factories  and  Workshops,  and  ex- 
plained how  by  using  standard  types 
of  Holophane  reflectors  an  even  illumina- 
tion of  a  given  intensity  could  be  obtained. 
Special  stress  was  laid  on  the  avoidance 
of  imdue  contrasts  in  brightness. 

A  discussion  took  place  in  which  Mr. 
Colquhoon  (Glasgow),  Mr.  J.  M'Gliie 
(Glasgow),  and  Mr.  J.  Wislon  (Falkirk) 
took  part.  The  President,  in  winding 
up  the  discussion,  emphasiled  the 
importance  of  the  scientific  study  of 
illumination  to  gas  engineers. 
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EDITORIAL. 


Industrial  Research  and  the  Scientific  and  Technical  Press. 

An  important  discussion  on  "  The  Sphere  of  the  Scientilic  and  Technical 
Press  in  relation  to  Technical  Education  and  Industrial  Research  "  took 
place  at  the  last  meeting  of  the  Circle  of  Scientific,  Technical  and  Trade 
Journalists  on  March  14th,  at  the  Hall  of  the  Institute  of  Journalists. 
Introductory  addresses  were  delivered  by  Dr.  W.  Garnett,  late  Educational 
Advisor  to  the  L.C.C.,  and  Mr.  A.  P.  M.  Fleming,  of  the  British  Westing- 
house  Electrical  Manufacturing  Co.,  who  has  made  a  special  stud\-  of 
Industrial  Research. 

The  object  of  the  meeting  was  to  consider  in  what  ways  tlie  te.imical 
and  scientific  press  can  best  extend  its  services  in  biinging  tiic  binrfits 
of  technical  education  and  industrial  research  more  prominently  before 
the  notice  of  manufacturers  and  the  public.  Before  considering  this  matter 
it  was  thought  desirable  to  obtain  a  general  survey  of  tlu^  presc^nt  position, 
and  the  addresses  of  Dr.  Garnett  and  Mr.  Fleming  (which  wo  contemplate 
publishing  in  full,  together  with  the  valuable  ensuing  discussion,  in  a 
coming  number  of  this  journal)  furnish  a  clear  exposition  of  the  subject. 
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The  imperative  necessity  of  organising  the  scientific  and  technical 
resources  of  the  country  in  a  more  scientific  manner  is  now  widely  recognised. 
Among  the  various  steps  taken  in  this  direction  one  of  the  most  important 
is  undoubtedly  the  creation  of  a  Committee  of  the  Privy  Council  charged 
with  the  duty  of  developing  Industrial  Research,  and  it  is  significant  that 
the  grant  allotted  to  its  Advisor}'  Council  for  research  during  the 
present  year,  although  still  far  from  adequate,  has  been  substantially 
increased.  This  is  rightly  recognised  as  a  direction  in  which  money  well 
spent  now  will  be  ampl}^  repaid  in  the  future. 

The  promotion  of  unit}^  of  effort  on  the  part  of  the  various  Associations 
and  Societies  interested  in  applied  science  is  most  important.  We  are 
glad  to  see  that  the  Royal  Society  is  considering  this  matter,  and  that  at 
a  recent  conference  it  was  decided  to  form  a  Board  to  advise  the  Government 
on  any  branch  of  scientific  enquiry  that  may  be  brought  before  it. 

In  the  lighting  industry  we  believe  that  there  are  many  problems 
which  would  well  repay  further  investigation,  and  this  matter  is  to  be  dealt 
with  by  a  special  committee  of  the  Illuminating  Engineering  Society,  and 
also  at  a  coming  meeting  of  the  Society  on  May  9th. 

One  of  the  chief  needs  at  the  present  time  is  undoubtedh'  to  awaken 
a  deeper  appreciation  of  the  value  of  science  on  the  part  of  the  general 
public.  In  this  respect  we  believe  that  the  scientific  and  technical  press, 
which  offers  a  unique  channel  for  the  dissemination  of  information  amongst 
the  manufacturers  of  the  countr}-,  could  do  good  service,  and  that  impartial 
suggestions  and  criticism  emanating  from  this  source  would  be  very  helpful. 
The  best  method  of  utilising  this  assistance  is  a  matter  for  further  delibera- 
tion and  doubtless  the  Committee  of  the  Council  on  Industrial  Research 
will  consider  how  the  efforts  of  the  State  can  best  be  seconded  by  the 
press  of  the  countr}^ 

For  the  moment  we  onh'  wish  to  put  on  record  the  desire  of  the  Circle  of 
Scientific,  Technical  and  Trade  Journalists  to  be  of  assistance — a  desire 
which  is  fully  expressed  in  the  following  resolution,  passed  at  the  meeting 
on  March  14th  : — 

"  That  this  meeting  recognises  that  Technical  Education  and  Industrial 
Research  are  of  great  benefit  to  the  manufacturers  of  this  country. 

"  That  the  Circle  of  Scientific,  Technical  and  Trade  Journalists  is  prepared 
to  assist  the  promotion  of  unity  of  effort  on  the  part  of  the  various  Associations 
and  Conunittecs  engaged  in  the  study  of  the  subject. 

"  That  the  Scientific  and  Technical  Press  be  used  as  a  mediuni  for  the 
dissemination  of  information  of  value  to  the  industries  of  the  country,  thus 
bringing  about  a  fuller  appreciation  of  the  value  of  Technical  Educatio7t  and 
Industrial  Research." 

Xo  doubt  the  movement  thus  commenced  for  promoting  the  concerted 
action  of  the  press  in  deahng  with  these  important  matters  wiU  lead  to 
useful  results — especially  in  the  direction  of  promoting  unity  of  effort  on 
the  part  of  the  various  organisations  now  discussing  these  problems. 


THE  ILLUMINATING  ENGINEER  (mabch  1916)  77 

Future  Possibilities  in  the  Design  of  Instruments  for  Measuring  Illumination 

The  measurement  of  light  and  illumination  has  been  frequently  discussed 
by  the  Illuminating  Engineering  Society  in  the  past,  and  on  each  occasion 
distinct  advances  towards  the  simplification  of  apparatus  for  this  purpose 
were  recorded.  The  measurement  of  illumination  is  undoubtedly  a  much 
more  familiar  process  than  it  was  a  few  j^ears  ago,  and  the  progress  in  this 
respect  has  doubtless  influenced  the  tendency  towards  greater  precision  in 
studying  lighting  requirements.  The  definite  values  suggested  in  the 
recently  issued  Home  Office  Report  on  Lighting  in  Factories  and  Work- 
shops furnish  an  illustration  of  the  fact  that  our  ideas  regarding  these 
requirements  are  becoming  crystallised,  and  that  therefore  the  provision 
of  instruments  for  testing  whether  these  ideas  are  realised  in  practice  is 
now  a  matter  of  more  than  academic  importance. 

It  was  therefore  thought  that  the  time  was  ripe  for  a  general  survey 
of  the  subject.  The  discussion  arranged  before  the  Society  on  February 
22nd  was  productive  of  much  useful  information.  There  was  a  general 
recognition  that  for  many  purposes  apparatus  even  simpler  and  more 
convenient  than  that  available  at  present  would  be  useful.  Instruments 
of  this  type  need  not  be  extremely  accurate  ;  they  would  be  used  merely 
to  furnish  a  rough  working  idea  of  the  illumination  in  a  room  or  factory 
and  should  be  capable  of  being  used  by  managers  and  others  who  are  not 
necessarily  experts  in  photometry. 

On  the  other  hand,  we  agree  with  the  Chairman  (Mr.  Goodenougli)  in 
thinking  that  a  distinction  must  be  drawn  between  instruments  which  are 
intended  for  general  experimental  work,  where  a  fair  margin  of  error  is 
permissible,  and  apparatus  intended  for  use  in  determining  whether  a 
lighting  contract  has  been  complied  with,  and  whether  a  penalty  for  failing 
to  provide  the  requisite  illumination  is  to  be  imposed.  No  doubt  in  such 
cases  accuracy  is  the  chief  essential  and  it  might  be  desirable  to  employ 
a  more  complex  and  finished  form  of  instrument  in  order  to  reduce  the 
margin  of  error  within  desired  limits. 

In  the  course  of  the  discussion  some  interesting  suggestions  for  the 
simplification  of  illumination  photometers  were  made  by  Mr.  A.  Cunnington 
and  Mr.  Trezise.  The  former  showed  a  rough  model  of  wliat  ma\'  be  termed 
an  "  illimiination-gauge  "  enabling  a  reading  of  illumination  to  be  obtained 
by  mere  inspection,  and  without  its  being  necessary  to  manipulate  the 
parts  of  the  instrument  in  order  to  secure  photometric  balance.  It  will 
be  recalled  that  an  instrument  having  this  quaht}^  was  suggested  b}^  Mr. 
Haydn  T.  Harrison  at  a  meeting  of  the  Society  in  1910,  and  it  is  possible 
that  a  very  simple  and  clieap  instrument  might  be  produced  on  these  lines 
for  rough  work. 

Mr.  Trezise  exhibited  a  series  of  models  of  experimental  pliotomctcrs, 
an  interesting  feature  of  which  was  the  use  of  a  special  screen,  utiHsing 
an  inclined  piece  of  white  glass  cut  with  a  diamond  ;  this  appeared  to 
be  highly  sensitive  and  to  enable  exact  photometric  balance  to  be  readily 
obtained.  In  several  of  these  instruments  the  method  was  adopted  of 
bringing  the  lamp  very  close  to  the  illuminated  screen,  thus  rendei-ing  it 
possible  to  obtain  a  wide  range  of  readings  and  to  reduce  the  instrument 
within  small  dimensions. 

Passing  on  to  other  points  in  the  drscussion  we  should  like  to  refer 
to  the  useful  information  afforded  regarding  the  possibilities  of  "  dii-ect- 
reading  "  photometers  based  on  physical  and  chemical  methods,  a  most 
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interesting  account  of  some  of  the  work  done  on  the  Continent  and  in  the 
United  States  being  given  by  Prof.  Fery  (Paris),  Dr.  Ives  (Philadelphia, 
U.S.A.)  and  Dr.  Coblentz  "(Washington,  U.S.A.).  These  contributions 
furnish  a  striking  instance  oi  the  value  of  the  international  connections  of 
the  Society. 

During  recent  years  the  possibility  of  using  selenium  and  photo- 
electrical cells  for  photometr}-  has  been  the  subject  of  much  careful  study. 
The  experimental  difficulties  are  no  doubt  great  but  our  knowledge  of  the 
peculiarities  of  such  cells  has  been  considerably  increased,  and  it  is  con- 
ceivable that  in  the  future  these  obstacles  may  be  overcome  and  that  an 
instrument  resembhng  a  form  of  "  artificial  eye  "  may  yet  be  developed 
Meantime,  it  is  interesting  to  observe  that  selenium  has  already  been  in 
use  for  the  automatic  control  of  lighting  systems,  the  lamps  being  auto- 
maticalh'  turned  on  in  darkness,  but  extinguished  in  daylight.  Even  at 
the  present  stage  it  seems  well  worth  consideration  if  an  apparatus  capable 
of  turning  on  the  artificial  light  in  schools  and  factories  when  the  natural 
illumination  has  fallen  to  a  prescribed  value  could  not  be  worked  out. 

The  use  of  photographic  methods  for  photometry  was  discussed  by 
several  contributors,  but  at  present  it  seems  evident  that  this  method, 
while  useful  lor  purely  relative  results  with  one  and  the  same  illuminant 
and  in  special  researches  on  very  faint  or  transient  light-effects,  is  not  very 
suitable  for  comparing  different  types  of  lamps 

In  some  respects  the  most  hopeful  type  of  direct-reading  photometer 
is  that  depending  on  the  use  of  thermopiles  which  react  to  radiated  energy 
of  all  kinds.  In  this  case  it  is  necessary  to  create  an  "  artificial  eye  "  by 
obstructing  the  radiation  which  is  non-luminous  or  to  which  the  eye  is 
comparativel}'  insensitive.  Accordingly  special  prismatic  devices  or 
coloured  solutions  have  been  emplo3'ed,  and  it  appears  that  in  this  way 
very  consistent  results  have  already  been  obtained  in  the  laboratory,  even 
when  lamps  differing  considerably  in  the  colour  of  their  light  have  been 
compared.  One  would  imagine  that  for  laboratory  work  such  instruments 
would  have  special  fields  of  utility,  especially  in  confirming  experimental 
work  on  standards  or  in  recording  ver}^  small  and  scarcely  detectable  changes 
in  candlepowcr.  Every  photometric  worker  knows  how  easily  such  work 
may  be  upset  by  personal  peculiarities  in  the  e3"es  of  the  persons  reading 
the  photometer,  and  how  results  have  to  be  checked  again  and  again  before 
the}^  can  be  accepted  as  correct.  In  such  cases  a  confirmatory  experiment 
with  a  photometer  might  be  of  great  value. 

On  the  other  hand  it  would  seem  that  at  present  such  instruments 
are  too  delicate,  and  the  electric  currents  utilised  too  small,  for  them  to  be 
employed  in  portable  illumination  photometers  for  practical  work.  It 
should  not  be  assumed,  however,  that  we  have  re?.ched  finality  in  this 
respect.  The  work  already  accomplished  has  at  least  enabled  us  to  appreciate 
the  difficulties  to  be  overcome,  and  it  may  be  that  in  the  future  the  hope 
of  a  direct-reading  physical  photc  meter  will  yet  be  realised.  Seeing  that 
progress  in  illuminating  engineering  is  so  dependent  on  convenient  and 
accurate  methods  of  measurement  the  study  of  these  problems  is  extremely 
important,  and  we  hope  that  friends  in  this  country  and  abroad  will  continue 
their  researches  which  should  bear  good  fruit  in  time  to  come. 

L.  Gaster. 
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TRANSACTIONS 

OF 

ZTbe  3IluminatlnG  lEnainecdng  Sodet^^ 

(Founded  in  London,  1909.) 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


SOME    FUTURE    POSSIBILITIES    IN    THE    DESIGN   OF 
INSTRUMENTS    FOR    MEASURING    ILLUMINATION. 

Proceedings  at  a  meeting  of  the  Society  lield  at  the  House  of  the  Royal  Society  of  Arts,  London, 
at  8  p.m.,  on  Tuesday,  February  22nd,  1916. 


A  Meeting  of  the  Society  took  place 
as  stated  above,  on  Tuesday,  February 
22nd,  Mr.  F.  W.  Goodenouhh  being  in 
the  Chair. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read  the  names  of  the  last 
applicants  for  membership  at  the  last 
meeting*  were  read  out  again,  and  these 
gentlemen  were  formally  declared  mem- 
bers of  the  Society. 

The  Chairman  then  called  upon  Mr. 
Dow  to  open  the  discussion  by  ])resenting 
a  series  of  contributions  received  in  writ- 
ing from  various  members  of  the  Society. 
These  included  Mr.  A.  P.  Trotter,  Mr. 
Haydn  T.  Harrison,  Mr.  P.  J.  Waldram 
(London),  Dr.  E.  W.  Marchant  (Liver- 
pool), Prof.  C.  Fery  (Paris),  Dr.  H.  E. 
Ives  (Philadelphia).  In  presenting  these 
comnmnications,  Mr.  Dow  ex])lained  that 

*  Ilium.  Eng.,  Feb.  1916,  p  41. 


the  authors  had  been  invited  to  reply 
to  the  series  of  questions  drafted  to 
indicate  the  general  sc()i)e  of  the  discussion 
(see  p.  80).  Several  of  the  contributions 
dealt  specially  with  the  applications 
of  direct-reading  instruments  of  the 
"  physical  "  type. 

An  interesting  discussion  followed,  in 
which  Mr.  A.  Cunnixgton  (L.  &  S. W.ll.), 
Mr.  J.  W.  T.  Walsh  (National  Physical 
Laboratory),  Mr.  J.  M.  Trezise.  ^Ir.  K. 
Whipple  (Royal  Meteoroh)gical  Ottice), 
Mr.  (t.  L.  Addenrrooke,  Mr.  W.  K. 
Cooper,  Mr.  L.  Gasteh,  and  The  Chair- 
man took  ])art. 

In  conclusion  The  Cuaihman  an- 
nounced that  the  next  meeting  of  the 
Societv  would  take  ])lace  at  5  p.m.  on 
Tuesday,  March  21st,  when  there  would 
be  a  discussion  on  "  Some  Aspects  of  tin- 
De,sign  and  Use  of  (Slassware  in  relation 
to  Natural  and  Artilicial  Ilhimination.'" 
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SOME    FUTURE    POSSIBILITIES    IN    THE    DESIGN    OF 
INSTRUMENTS  FOR  MEASURING  ILLUMINATION 

(With  Special  Reference  to  Photometers  depending  on  Physical  and 

Chemical  Methods). 

The  following  list  of  queries  ^Yas  prepared  as  an  introduction  to  tlie  dis- 
cussion whicli  took  place  at  the  last  meeting  of  the  Illuminating  Engineering- 
Society  on  February  22nd.  It  is  not  intended  to  be  exhaustive  but  to  serve 
as  an  indication  of  the  general  scope  of  the  discussion. 

(1)  What  possible  methods  can  you  suggest  for  making  illumination  photometers 
of  the  ordinary  type  {i.e.,  those  involving  the  use  of  a  comparison  soiirce  of  light) 
more  convenient  for  the  use  of  the  general  public  ? 

(2)  What  are  the  prospects  of  making  a  satisfactory  instrument  depending 
on  : — 

(a)  the  principle  of  "  extinction,"  i.e.  dimiiiishing  the  illumination  to  be 
measured  until  some  small  object  just  becomes  invisible  to  the  eye  ? 

(b)  the  observation  of  fine  type — a  minimum  illumination  being  indicated 
by  the  fact  of  fine  type  becoming  indistinguishable  when  viewed  by  the  prevailing 
illumination  at  the  point  studied  ? 

(3)  What  are  the  prospects  of  making  a  satisfactory  instrument  depending  on 
the  following  physical  or  chemical  methods  : — ■ 

(a)  The  use  of  selenium  or  other  photo-electric  cells. 

(b)  The  use  of  thermopiles  or  other  instruments  for  measuring  radiation  with 
or  without  a  suitable  solution  or  screen  for  absorbing  the  non-visible  rays. 

(c)  The  difference  in  expansion  of  two  metallic  elements,  one  polished  so  as 
to  reflect  a  maximum  of  visible  light,  the  other  coated  with  an  absorbent  mat 
black  material,  but  otherwise  similar. 

(d)  The  use  of  photographic  methods  such  as  the  darkening  of  light-sensitive 
paper. 

(4)  What  instances  can  be  quoted  of  the  above  principles  being  used  success- 
fully in  other  fields  of  photometry,  for  example,  in  records  of  daylight,  meterological 
observations,  determining  polar  curves,  observing  fluctuations  in  the  light  given  by 
various  lamps,  &c. 

(5)  Are  you  aware  of  any  methods  which  could  conveniently  be  employed  in  the 
design  of  instruments  to  indicate  automatically  when  the  illumination  in  an  interior 
has  fallen  below  a  prescribed  minimum,  and  an  increase  in  the  illumination  is  therefore 
necessary  ? 
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SOME    FUTURE    POSSIBILITIES    IN    THE    DESIGN    OF 
INSTRUMENTS    FOR    MEASURING    ILLUMINATION 

(With  Special  Reference  to  Physical  and  Chemical  Methods). 

(Discussion  at  a  meotiiig  of  the  Illuminating  Engineering  Society,  held  at  tlie  House  of  the 
Royal  yocietv  of  Arts,  18,  John  Street,  Adelphi,  London,  W.,  at  8  p.m.,  on  Tuesday, 
February  22nd,  1916.) 


The  Chairman,  in  declaring  the  dis- 
cussion open,  mentioned  that  a  iiuinber 
of  contributions  had  been  received  from 
various  members  at  home  and  abroad,  in 
reply  to  the  series  of  queries  circulated 
previous  to  the  meeting.  He  would  call 
on  Mr.  Dow  (Asst.  Hon.  Secretary)  to 
present  these  communications. 

Mr.  J.  8.  Dow  (Plon.  Asst.  Secretary), 


in  ]>resenting  the  written  contributions 
to  the  discussion,  remarked  that  a  con- 
siderable amount  of  work  had  been  done, 
both  in  Europe  and  in  the  United  States, 
on  instruments  intended  to  serve  as 
direct-reading  photometers.  As  this  work 
could  be  only  briefly  touched  upon  in  the 
time  available,  members  might  be  inter- 
ested in  the  series  of  references  given 
below     based     on     information      kindly 


L 


Fig.  l.^.Vrraugcinciit  <>f  circuit  for  scleniuiii  cell  (Ives). 
L,  Light   source  ;  S,  Slnittcr  :  C.  Selenium  ;  D,  lialtery  ;  (1.  (ialvanoinelcr, 
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FlU.  ].\.— Arranyemeul  <>t  Ciicuil  for  pliolo-cltclric  cell  (Ives). 
H,  Hatlcry  ;  C,  Cells  ;  G,  G.ilvanunitlcr  ;  K,  Larth.', 
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furnished  by  various  members  of  the 
Society.*  There  had  also  been  several 
past  contributions  in  the  Illuminating 
Engineer,  describing  attempts  to  use 
photo-electric  and  other  light-sensitive 
cells  and  also  thermopiles  for  photometric 

work.f 

As  a  preliminary  to  the  contribution 
by  Dr.  Ives  it  might  be  of  service  to  sum 
marise  briefly  some  of  this  earlier  work. 
Attempts  had  been  made  to  use  both  the 
selenium  cell,  the  electrical  resistance  of 
which  diminished  under  the  action  of 
light,  and  the  ])hoto-electric  cell  de\Ttsed 
by  Elster  and  Geitel.  The  essential 
arrangements  for  using  such  cells  are  shown 
in  Figs.  1  and  1a  (taken  from  a  recent 
paper  by  Ives).  In  both  cases  the  diminu- 
tion in  resistance,  and  hence  the  increased 
current  furnishes  an  indication  of  the 
intensity  of  the  light  falling  on  the  cell. 


Fig.   2. — Showing    the    variation    in    relative 
sensitiveness  throughout  the  spectrum  of  a 
selenium  cell  at  different  Illuminations. 
(E-=l  toE  =  16.) 


*  Physical  Photometry,  by  H.  E.  Ives  (paper 
read  before  the  Illuminating  Engineerint;  Society, 
U.S.A.,  November  7th,  1914) ;  The  Establish- 
ment of  Photometry  on  a  Physical  Basis,  by 
H.  E.  Ives  {Jour,  nf  The  Franklin  Institute, 
October,  1915  ;  A  Precision  Artificial  Eye,  by 
H.  E.  Ives  (Phys.  Rev.,  November,  1915)  ;  The 
Physical  Photometer  in  Theory  and  Practice, 
by  W.  W.  Coblentz  {Jour.  Franklin  Inst.,  Feb- 
ruary, 1916),  &c. 

t  See  "  Objective  Photometry,"  by  W.  Voege 
{Illutn.  Eng.,  Vol.  VTI.,  1914,  p.  295  ;  also  Vol.  I., 
1908,  p.  239,  Vol.  11.,  1909,  p.  10.) 


Such  methods  necessarily  involve  the  use 
of  a  battery  and  galvanometer  and  this 
fact  alone  does  not  seem  to  favour  their 
use  by  inexpert  observers  for  making 
illumination  measurements  in  practice. 
In  addition  there  appear  to  be  various 
difficulties  arising  from  the  physical 
peculiarities  of  such  cells,  such  as  the 
effect  of  inertia  and  other  irregularities  ; 
and  there  is  the  further  difficulty  that  the 
greatest  effect  is  not  produced  by  those 
rays  in  the  spectrum  to  which  the  eye  is 
most  sensitive.  In  the  case  of  the 
selenium  Pfund  has  shown  that  the 
relative  sensitiveness  throughout  the 
spectrum  is  utterly  different  in  a  weak 
light  from  what  it  is  in  a  strong  illumina- 
tion— in  this  respect  bearing  a  curious 
resemblance  to  the  Purkinje  effect  in  the 
case  of  the  human  eye.  This  is  shown 
in  the  accompanying  illustration. 

In  Fig.  3  the  comparative  sensitiveness 
throughout  the  spectrum  of  various  photo- 
graphic materials  is  illustrated.  Obviously 
the  selection  of  a  material  having  a  sensi- 
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Fiti.  3.  —  Showing  differing  sensitiveness 
throughout  the  spectrum  of  various  photo- 
graphic materials  (Ives). 

tiveness  identical  with  that  of  the  eye 
would  present  difficulties.  Moreover, 
])hotography,  although  having  certain 
ai)plications,  is  in  general  a  tedious 
operation  compared  with  the  use  of  a  good 
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Dtaj^ram  of  precision  artificial  eye. 
L.  Light  source.  A.  Adjusting  screw 

6'    Sill  .b"'     Point  of  formation  of  spectrum. 

I'    Prism.  C     Condensing  lenses 


7".  Thermopile. 

D.  Spectrum  template. 

C.  Galvanometer  leads. 


F^IG.  5. —  Inblriiinciil  devised  to  yive  Ihc  cit'cct  nl  "  Artilicial  Kye  "  llvt> 
(Using  prismatic  mctluAl.) 
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illumination  photometer.  A  special 
instance  of  the  utility  of  photography  is 
furnished  by  some  experiments  by  Ives 
on  obtaining  polar  distribution  curves  : 
photography  has  also  the  advantage  of 
integrating  with  regard  to  time,  and  has 
therefore  a  special  application  for  purely 
relative  measurements  of  sources  which 
fluctuate  very  rapidly  over  a  short  interval 
of  time.  (Tests  on  the  "  star-shells  "  used 
in  military  operations  might  furnish  a 
case  in  point.) 

Passing  on  to  the  use  of  thermopiles 
special  reference  may  again  be  made  to  a 
paper  by  Ives  in  which  the  creation  of 
an  instrument  to  serve  as  an  "  artificial 
eye  "  is  discussed.     Fig.  i,  taken  from 


Fig.  4. — Showing  that  the  visible  rays  form  a 
relatively  small  proportion  of  the  radiation 
from  an  incandescent  solid. 


this  source,  shows  at  a  glance  the  difficulty 
of  the  problem.  By  special  absorbing 
methods  we  have  to  obliterate  the  great 
mass  of  the  radiant  energy,  leaving  only 
the  small  shaded  area  representing 
luminous  radiation.  The  amount  of 
energy  left  is  then  very  small,  and  highly 
sensitive  instruments  are  needed  to 
measure  it. 

Two  methods  of  accomplishing  this 
result  are  described  by  Ives  and  illustrated 
in  the  Figs.  5  and  6.  In  one  case  a  cell  of 
special  coloured  solution  is  used.  This 
has  the  function  of  not  only  stopping  the 
non-luminous  energy  but  of  diminishing 
the  intensity  of  each  wave-length  through- 
out the  visible  area  in  such  proportions  as 
to  render  the  effect  identical  with  the 
sensation  of  the  eye.  (This  method  is  also 
used  in  an  instrument  devised  by  Prof. 
Fery,  see  p.  88.) 


In  the  other  case  the  same  result  is 
accomplished  by  forming  the  spectrum 
of  the  light  to  be  tested,  diminishing  the 
intensity  at  each  point  in  the  requisite 
proportion  by  means  of  a  special  sector- 
screen,  and  then  integrating  the  spectrum 
and  focusing  the  resultant  light  on  a 
thermopile. 

All  this  work  is  highly  interesting  and 
such  instruments  appear  to  have  distinct 
value  for  laboratory  work.  But  at 
present  they  do  not  appear  to  be  capable 
of  application  in  the  form  of  a  portable 
illumination  photometer  for  every  day 
use. 


Mr.  Dow  then  proceeded  to  jn-esent 
the  communications  of  various  absent 
members,  as  follows  : — 

A.  P.  Trotter  {communicated): — 

(1)  I  do  not  think  that  "  the  general 
public  "  should  be  encouraged  to  amuse 
themselves  with  illumination  photo- 
meters. Some  experience  is  necessary 
and  intelligent  precautions  must  be  taken 
to  secure  useful  results. 

Instruments  of  the  lumeter  and  the 
luxometer  type,  having  wide  ranges  of 
adjustment  in  addition  to  dark  glasses, 
are  bound  to  supersede  the  older  instru- 
ments. 

2.  Physiological  difficulties  render  all 
methods  of  "  extinction  "  and  "  mini- 
mum \asibile  "  misleading. 

3.  The  differential  bolometer  depend- 
ing on  the  resistance  of  a  fine  wire  seems 
to  be  the  best  method  depending  on 
direct  physical  measurement :  but  it 
entails  the  use  of  expensive  apparatus. 

Lieut.  Haydx  T.  Harrison,  R.N.  (com- 
municated) : — (1)  In  my  opinion  it  is 
essential  that  photometers  for  the  general 
public  should  not  embody  the  use  of  an 
eye  piece,  as  few  people  can  accustom 
themselves  to  work  with  one  eye  as 
accurately  as  they  can  when  taking  a 
general  view  of  a  screen  with  both  eyes. 

(2)  (a)  Satisfactory  instruments  can  be 
made  embodying  the  principle  of  ex- 
tinction, but  in  order  to  get  such  extinc- 
tion the  colour  difficulty  should  be  care- 
fully considered,  and  a  standard  light  of 
similar  spectrum  used,  otherwise  the 
flicker  principle  is  the  more  accurate  when 
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the    operator    is    not    an    expert    photo- 
inetrist. 

(b)  I  do  not  consider  any  light  mea- 
surements by  means  of  type  can  be  of 
much  value,  as  it  is  more  a  test  of  eye- 
sight than  illumination. 

(3)  (a)  I  have  had  considerable  ex- 
perienoe  with  selenium,  but  find  that  the 
greatest  care  has  to  be  exercised  in  the 
preparation  and  maintenance  of  the 
selenium  cell ;  there  is,  moreover,  a 
time  lag  which  is  often  a  serious  dis- 
advantage. 

(b)  The  use  of  thermopiles  or  other 
instruments  for  measuring  heat  with 
screens  for  absorbing  heat  rays,  strikes 
me  as  being  novel,  and  I  cannot  imagine 
that  a  true  luminous  value  could  be 
measured  by  this  means. 

(c) ■ 

(d)  The  use  of  photographic  methods 
to  indicate  distribution  of  light  will 
always  be  of  value,  but  as  an  indication 
of  intensity  they  are  generally  misleading 
owing  to  the  emphasis  laid  on  the  violet 
or  actinic  end  of  the  spectrum.  As  is 
well  known,  photo-productions  can  be 
made  by  invisible  rays,  whereas  I  always 
look  upon  light  as  the  usable  part  of  the 
spectrum. 

(4)  I  have  seen  many  photographic 
records  indicating  the  fluctuations  in  arc 
lamps,  and  also  light  absorption  by  the 
deposit  on  the  bulbs  of  incandescent 
lamps,  but  these  of  course  were  purely 
comparative,  and  could  not  be  defined  in 
terms. 

(5)  Not  at  the  moment. 


Mr.  P.  J.  Waldram  {communicated)  : — 
With  reference  to  questions  3d  and  4, 
I  have  been  impressed  by  the  remarkable 
coincidence  between  the  measurements 
of  daylight  given  by  sensitised  paper,  ex- 
posure meters,  &c.,  and  direct  measure- 
ment on  a  photometer  by  different 
observers.  It  would  ap])ear  that  the 
decided  irregularities  of  actinic  action  are 
very  possibly  immaterial. 

Work  of  a  very  different  and  more 
urgent  nature  has  so  far  rendered  ini- 
j)ossible  any  experimental  investigation 
by  me  ;  but  I  venture  to  anticipate  with 
some  confidence  that  sensitised  i)aper 
photometers  may  some  day  be  found  to  be 
sufficiently    free    from    serious    error    to 


enable  it  to  be  applied  to  many  practical 
every-day  problems. 

I  may  also  recall  the  striking  re- 
semblance which  was  noted  by  the 
Meteorological  Office  between  the  curve 
of  lumeter  measurements  of  daylight  on 
a  certain  day,  as  given  in  my  paper  in 
1914,  and  the  daily  curve  recorded  by 
them  of  the  radiant  energy  from  the  sky. 
This  is  another  problem  which  awaits 
experimental  proof. 

Prof.  E.  W.  Marchant  {communi- 
cated) : — The  forms  of  illumination  meter 
that  I  have  used  are  the  "  Trotter " 
Illumination  Meter  and  that  made  by 
Messrs.  Beck,  called  the  Holophane 
Lumeter.  Both  of  these  are  quite  con- 
venient and  simple.  The  chief  practical 
difficulty  with  them  is  the  keeping  of  the 
battery  in  good  order  ;  when,  as  often 
happens,  they  are  not  used  for  compara- 
tively long  periods,  it  is  always  necessary 
to  use  some  form  of  voltmeter  in  con- 
nection with  them,  and  I  would  suggest 
that  this  might  be  fitted  to  the  instru- 
ment together  with  some  correction 
tables  by  which  the  readings  of  the  in- 
strument may  be  corrected  for  variations 
in  lamp  voltage.  It  might  be  possible  to 
devise  some  mechanical  device  whereby 
the  readings  were  automatically  corrected 
for  variations  in  battery  pressure. 

An  instrument  depending  for  its  read- 
ing on  extinction  of  vision  seems  to  me  to 
have  very  small  prospect  of  accuracy. 
The  acuteness  of  vision  to  light  depends 
on  the  opening  of  the  pupil,  and  on  the 
condition  of  the  retina,  and  this  varies 
with  the  immediate  ])revious  history  of 
the  eye.  A  photometer  of  a  simple 
])attern  for  photographic  ])urposes  has 
been  suggested  in  which  this  fact  was 
made  use  of.  I  have  no  detailed  informa- 
tion as  to  its  construction,  but  the  prin- 
ciple of  its  action  was  that  an  image  of  the 
pupil  was  ])roducod  l)y  a  semi-reflecting 
glass,  and  on  this  mirror,  the  dianu'ter  of 
the  image  of  the  })upil  could  be  read  off  on 
a  scale.  This  can  only  have  been  a  rough 
and  ready  instrument,  but  for  many  pur- 
poses it  might  prove  of  value. 

I  had  the  opportunity  of  seeing  an 
instrument  some  years  ago,  designed  by 
Mr.  Turner,  the  electrical  engineer  to  the 
lloylake  District  Council,  which  de- 
pended for  its  working  on  a  selenium  cell. 
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Mr.  Tiinior  lias  kindly  f(>ntiil)iit(><l  a 
detailed  account  of  his  apparatus.  Its 
object  was  to  switch  on  a  street  lamp 
when  the  illumination  fell  below  a  certain 
limit  determined  V)y  the  resistance  of  the 
selenium  cell.     Such  a  piece  of  apparatus 


T  ho])e.  l)v  now.  is  bein<>  manufactured  in 
England.  Even  with  li<ihts  of  different 
colours  I  have  found  that,  with  ]>ractice, 
it  gives  excellent  residts,  far  better  than 
I  have  been  able  to  obtain  with  Flicker 
photometers. 


Sketch  of  ^Ir.  C.  J.  Tirxer's  SELEXirii  aprarvtus  for  coxtroleixc;  the  lighting  sv.stem. 

The  selenium  cell,  S,  is  inserted  in  circuit  with  two  electromagnets,  A,  Al.  The  lignting  circuit 
contains  the  mercury  cups,  D.  Dl,  which  are  connect etl  by  the  forked  contact  piece,  V,  attached 
to  lever-bar  controlled  by  electromagnets.  B  is  the  pivoted  armature  attracted  by  the  magnets. 
E  is  an  adjustable  l)alance  weight  for  altering  moment  of  contact,  R  a  resistance  placed  in 
circuit  with  magnet  coils  (in  this  case  about  14,.500  ohms),  L  the  lamps  controlled  by  action  of 
selenium. 

Selenium  has  the  property  of  diminishing  in  resistance  when  exposed  to  light ;  the  variation  in 
this  case  being  from  3,000  ohms,  in  light  to  150,000  ohms  in  darkness. 

In  full  daylight,  therefore,  a  relativcl}'  strong  current  flows  round  the  magnets,  which  draw  up 
the  armature  breaking  the  circuit  at  the  mercury  cups,  D,  Dl.     The  lamps  are  thus  extinguished. 

WTien  darkness  comes  on  the  resistance  of  the  selenium  increases  and  the  current  energising  the 
magnets  is  diminished  until,  eventually,  the  armature  is  released  and  current  is  established  at  the 
mercury  cups  lighting  the  lamps. 

The  exact  point  f)f  switching  on  can  be  regulated  by  the  balance  weight,  E. 


has  great  possibilities,  and  might  easily  be 
aj)plied  in  schools  as  an  indicator  as  to 
when  the  lights  should  be  switched  on. 

For  accurate  com])arison  of  illumina- 
tions I  have  found  nothing  better  than 
the  Lummer  Brodhiin  Photometer,  which 


Dr.  H.  E.  Ives  (comminiieated) : — I 
was  interested  to  learn  of  the  forthcoming 
discussion  of  physical  photometry  in  the 
London  Illuminating  Engineering  Society. 
It  hardly  seems  necessary  to  repeat 
the    opinions    and    experiences    already 
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published  in  luy  recent  and  somewhat 
exhaustive  papers  on  the  subject.  It 
may,  however,  be  of  interest  to  mention 
some  more  recent  work  which  has  not  as 
yet  appeared  in  print,  or  on  which  we  are 
working  or  merely  contemplating  work. 

In  regard  to  the  photo-electric  cell,  it 
may  be  recalled  that  a  most  serious  objec- 
tion to  its  use  is  the  lack  of  direct  or 
uniform  proportionality  between  the 
illumination  and  the  current.  This  is  a 
subject  on  which  we  have  been  working 
for  some  time,  and  we  have  rather  re- 
cently established  the  conditions  under 
which  this  important  relationship  is 
strictly  rectilinear.  As  a  result  of  this 
work  a  new  design  of  photo-electric  cell 
has  been  worked  out,  in  which  the  current 
does  not  vary  in  \inexpected  ways  from 
the  illumination.  With  this  improve- 
ment in  the  photo-electric  cell  it  is  a 
wonderfully  sensitive  instrument  for  use 
where  no  questions  arise  as  to  colour 
differences.  There  still  of  course  re- 
mains the  disadvantage  that  apparently 
no  two  photo-electric  cells  have  the  same 
wave-length  sensibility  curve.  This  is 
one  of  the  problems  on  which  we  are 
doing  some  work  at  the  present  time. 
Should  it  prove  possible  to  make  cells  of 
uniform  wave-length  sensibility,  so  that 
a  luminosity  curve  sensibility  could  be 
produced  by  the  proper  absorbing  media, 
then  the  photo-electric  cell  would  be  pro- 
bably the  most  sensitive  and  convenient 
of  all  forms  of  jihysical  ])hotometers. 

In  regard  to  the  thermo])ile  physical 
photometer,  which  is  described  in  a 
number  of  recent  papers,  this  instrument 
is  working  admirably  in  ])ractice.  Its 
only  drawback  of  course  is  that  its  sensi- 
bility is  so  low  that  it  can  only  be  looked 
upon  as  a  laboratory  instrument.  Since, 
however,  it  is  being  rather  generally 
agreed  ui)on  now  that  all  photometric 
work  involving  colour  differences  should 
be  done  in  a  standardising  laboratory, 
this  objection  is  not  at  all  serious. 

In  connection  with  this  question  of 
sensibility  I  may  say  that  1  am  at  i)resent 
very  much  interested  in  the  possibility  of 
increasing  the  ef?ective  sensibility  of  all 
kinds  of  radiation  measuring  instruuu'iits 
by  some  sort  of  current  amplifier  along 
the  lines  of  those  which  have  been  re- 
cently developed  for  wireless  telegraphy 


and  telephony.  There  is,  however,  no- 
thing definite  to  rej)ort  on  this  beyond  the 
fact  that  the  possibility  is  an  attractive 
one  and  is  receiving  attention. 

Dr.  W.  Coblentz  {communicated)  : — 
In  connection  with  the  question  of  the 
"  Possibilities  in  the  Design  of  Instru- 
ments for  Measuring  Illumination," 
physical  methods  demand  a  careful  un- 
biased investigation.  A  measurement 
made  with  a  physical  instrument  is  a 
definite  thing  that  can  be  repeated  at  any 
time  with  the  expectation  of  obtaining 
the  same  value  as  was  observed  in  the 
beginning.  The  physical  ]ihotometer  is 
not  subject  to  such  vagaries  as  are  ex- 
perienced in  visual  photometry.  The  in- 
strument, as  we  know  it,  is  not  so  sensitive 
as  visual  photometry.  It  requires  fairly 
high  intensities  but  for  certain  classes  of 
work  is  not  detrimental. 

A  promising  form  of  physical  photo- 
meter consists  of  a  quick  acting  thermo- 
pile in  front  of  which  is  placed  a  screen 
which  is  opaque  to  all  the  infra-red  and 
ultra-violet  radiations,  and  which  trans- 
mits the  visible  radiations  in  proportion 
to  "  visibility  of  radiation  curve  "  of  the 
average  normal  eye.  The  thermopile  or 
bolometer  is  used  in  connection  with  a 
sensitive  d'Arsonnal  galvanometer,  or 
(when  radiometering  low  intensities)  with 
an  iron-clad  Thomson  galvanometer. 
Iron-clad  Thomson  galvanometers  are 
easily  and  cheaply  made  by  imbedding 
the  coils  in  blocks  Of  Swedish  iron,  which 
are  surrounded  by  short  pieces  of  soft 
iron  gas  pi])e.  Such  a  galvanometer  is 
easily  shielded  nuignetically,  so  that  the 
objections  raised  by  experimenters,  who 
are  familiar  with  "unshielded  Thomson 
galvanometers,    are   overcome. 

A  ])hysical  photometer  of  this  type, 
unlike  the  eye.  functions  independently  of 
the  frequency  (colour)  and  the  inten.sity 
of  the  stimulus.  During  the  past  summer 
the  writer  made  a  short  test  of  the  jier- 
fonnance  of  this  ty])e  of  i^hysical  photo- 
meter as  compared  with  a  visual  (e(juality 
of  brightness)  ])hotonu'ter.  in  which  the 
test  object  was  a  standard  incandescent 
lani]),  which  had  been  ])h<»tt)metered  by 
various  observers  in  various  laboratories. 
The  ratios  of  the  luminous  intensities  of  a 
standardised  tung.sten  lamp,  determined 
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photometrically,  and  radiometrically  with 
the  physical  photometer,  were  found  in 
agreement  within  0'2  per  cent.  This  is  a 
very  close  agreement,  considering  the  fact 
that  the  radiometric  measurements  were 
obtained  in  the  course  of  a  few  hours, 
while  the  photometric  measurements  re- 
presented several  weeks  of  work.  This 
close  agreement  is  not  accidental,  how- 
ever, for  the  physical  photometer  is  not 
subject  to  variations  such  as  are  common 
to  the  eye,  and  it  must  give  the  same 
result  from  day  to  day. 

Subsidiary  questions  remain  for  further 
investigation.  The  example  the  trans- 
mission of  the  solution  used  in  front  of  the 
thermopile  seemed  to  change  slightly  after 
several  exposures  to  the  lamp,  and  it  re- 
mains to  be  determined  whether  this  was 
due  to  a  photochemical  reaction  which  is 
reversible.  For  further  data  the  reader 
is  referred  to  the  Journal  of  the  Franklin 
Institute,  September,  1915,  and  February, 
1916  ;  also  The  PhijsicoJ  Rerieu;  Nov- 
ember, 1915. 

Professor  C.  Fery  {communicated) : — 
I  have  been  prevented  from  following  up 
the  study  of  a  new  form  of  photometer 
by  very  urgent  work  given  me  by  the 
Commission  of  Inventions.  I  must  there- 
fore ask  you  to  excuse  me  for  not  having 
given  you  yet  the  details  of  this  new 
apparatus.  The  instrument  is  described 
in  the  Bulletin  de  la  Societe  Internationale 
des  Electricians  (Series  2,  Vol.  IX.  No. 
90). 

The  only  methods  practically  em- 
ployed for  measuring  light  depend  on  the 
impressions  of  the  eye,  as  received  by 
observation  of  two  adjacent  illuminated 
surfaces  in  a  photometer.  This  method 
necessarily  involves  the  employment  of 
a  standard  of  light,  and,  being  subject  to 
a  |)hysiological  impression,  there  is 
always  the  danger  that  the  results  of 
measurement  will  depend  on  the  visual 
l)eculiarities  of  the  observer. 

I  have  made  observations  on  a  number 
of  my  j)upils,  and  have  found  that  con- 
siderable personal  differences  exist.  No 
doubt  Daltonism  would  play  a  part  in 
cases  where  the  colours  of  light  yielded 
by  standard  and  source  tested  are  not  tlie 
.same.  The  use  of  a  monochromatic 
(Crova)     screen     has     not     appreciably 


affected  the  mean,  but  has  caused  to  dis- 
appear the  large  differences  previously 
encountered  in  the  readings  of  different 
observers. 

It  would  therefore  be  very  desirable  to 
adopt  a  "  direct -reading  photometer  "  or 
an  "  artificial  eye,"'  to  use  the  expression 
adopted  by  Ives  in  his  experiments. 

Among  the  forms  of  direct -reading  in- 
struments are  those  depending  on  : — 

(1)  The  use  of  a  selenium  cell. 

(2)  The  use  of  a  photo-electric  cell. 

(3)  The  use  of  photographic  prepara- 
tions. 

{i)  The  use  of  apparatus  for  mea- 
suring total  energy  radiated  by  the 
incandescent  body. 

No.  1  has  the  inconvenience  (among 
others)  that  the  indication  is  not  pro- 
portional to  the  luminous  sensation,  the 
maximum  sensitiveness  of  which  for  the 
normal  eye  is  located  at  0*54/i.  More- 
over, the  cells  are  not  constant  and  their 
sensitiveness  diminishes  with  time. 

No.  2  is  open  to  the  same  objections. 

No.  3  yields  with  silver  salts  a  maximum 
sensitiveness  near  0*34^  ;  moreover,  it  is 
necessary  to  estimate  the  light-effect  by 
measuring  the  opacity  of  the  image  on 
the  plate,  and  this  is  by  no  means  pro- 
portional to  the  illumination.  The  use 
of  ortho-chromatic  and  other  colour- 
sensitive  plates  removes  the  first  objec- 
tion but  not  the  second. 

No.  4  appears  the  best  w^orthy  of  ex- 
amination. The  response  of  a  bolometer 
depends  on  the  temperature  of  the  incan- 
descent source,  being  related  by  the 
Law  of  Wien  : — X„ft  =  constant.  The 
method  has  therefore  a  tendency  to 
favour  sources  of  low  temperature,  just 
the  opposite  to  the  tendency  with  photo- 
graphic methods. 

Nevertheless  it  is  possible  to  get  over 
this  difficulty  by  the  use  of  suitable 
screens.  In  1908  I  employed  with 
success  a  radio-micrometer  combined  with 
a  screen  composed  of  a  solution  of  copper 
acetate  in  order  to  provide  a  direct-read- 
ing photometer,  giving  the  same  sensi- 
tiveness throughout  the  spectrum  as  the 
normal  eye.  Mcne  recently  I  have  used 
such  cells  with  a  thermopile.  The  use 
of  my  solution  gives  a  system  with  a 
maximum  sensitiveness  near  0'54/t,  iden- 
tical with  that  of  the  retina  ;   to  achieve 
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tliis  result  a  thickness  of  4  cms.  of  copper 
acetate  solution  (17  grms.  per  litre)  is 
used. 

One  could  also  stop  the  invisible  radia- 
tion by  using  a  prismatic  arrangement 
instead  of  screens.  For  this  purpose  one 
must  form  a  spectrum  image  of  the  source 
to  be  tested,  placing  in  front  of  it  a  screen 
cut  in  such  a  way  that  the  ordinate  at 
each  point  is  proportional  t  o  the  luminous 
impression  received  by  the  retina.  The 
radiation  is  then  integrated  and  received 
on  the  instrument  for  measuring  the 
radiation.  This  arrangement  is  theoreti- 
cally very  successful,  but  in  practice  may 
be  replaced  by  a  cell  filled  with  suitable 
absorbing  liquid.  One  can  make  use  of  a 
bolometer  of  the  type  described  by  Dr. 
Drysdale  for  determining  the  mechanical 
equivalent  of  light,  a  galvanometer  of 
the  type  worked  out  l)y  Ives,  or  a  Boys' 
radio-micrometer  modified  in  the  manner 
described  in  my  researches.  I  have  like- 
wise employed  an  invar-brass  couple 
similar  to  that  used  in  the  spiral  pyro- 
meter constructed  by  the  Cambridge 
Scientific  Instrument  Co. 

The  bi-metallic  strip  was  blackened  on 
the  side  facing  the  radiation,  and  carried 
a  quartz  fibre,  the  movement  of  which 
could  be  measured  with  a  microscope. 
By  this  simple  procedure  I  think  one 
could  arrive  at  a  sensitiveness  sufficient 
for  practical  purposes. 

The  war  has  interfered  with  these  ex- 
periments. I  am  convinced,  however, 
that  the  photometer  of  the  future  will  be 
of  a  type  independent  of  the  personal 
peculiarities  of  the  observer,  for  the  in- 
variable tendency  in  physical  matters  is 
to  devise  methods  of  measurement  wliich 
are  independent  of  physiological  pro- 
cesses. Chronogra])]iy  and  astronomy 
have  replaced  the  ancient  measurements 
dependent  on  the  eye  and  the  ear.  Simi- 
larly I  believe  that  by  a  calorific  measure- 
ment one  can  best  evaluate  the  intensity 
of  radiant  energy. 

Mr.  Arthur  CuNNiNfiTOX  (London  and 
South-Western  Hailway  Co.),  dealing 
with  the  first  question  said  that  although 
Mr.  Trotter  did  not  advise  that  photo- 
meters should  be  made  foi-  the  use  of  the 
general  ])ublic,  nevertheless  something 
might  be  done  in  order  to  simplify  read- 


ings. In  some  quarters  there  was  a  ten- 
dency to  exaggerate  the  difficulty  in 
making  illumination  measurements,  which 
he  thought  was  due  to  being  unaccus- 
tomed to  this  sort  of  work.  Some  people 
even  could  not  read  a  gas  meter  correctly, 
but  it  was  simply  because  they  were  not 
used  to  doing  it,  and  he  was  of  the  opinion 
that  with  a  little  practice  it  would  be  a 
simple  matter,  with  a  suitable  instru- 
ment, for  any  ordinary  person  to  take 
photometric  readings.  We  had  already 
progressed  very  considerably  from  the 
days  of  the  purely  laboratory  photo- 
meter, and  there  were  various  directions 
in  which  simplification  could  be  carried 
still  further. 

When  he  first  began  taking  measure- 
ments on  a  fairly  extensive  scale  with  the 
Lumeter,  he  found  one  thing  required 
was  something  to  hold  the  illumination 
card  in  a  horizontal  ])osition,  especially 
when  a  large  number  of  measurements 
were  lieing  taken  over  an  area,  in  a  hori- 
zontal plane  at  some  fixed  height  above 
the  ground.  He  was  aware  that  a  tripod 
stand  was  supplied  for  this  purpo.se.  but 
moving  and  resetting  this  for  several 
dozen  successive  readings  was  a  tedious 
process,  and  one  could  not  always  afford 
the  luxury  of  an  assistant.  Therefore,  in 
order  to  make  the  instrument  self-con- 
tained, he  had  designed  a  form  of  adjust- 
able holder  which  could  lie  attached  at 
one  end  to  the  lumeter  ))y  a  s])ring  clip, 
and  at  the  other  end  carried  the  white 
screen.  This,  he  had  found,  saved  a 
great  deal  of  time. 

He  had  often  noticed  that  a  rough  test 
of  the  uniformity  of  illumination  in  a 
given  area  could  be  made  by  setting  tlie 
lumeter  at  some  average  ligurr  and. while 
keeping  this  fixed  illumination  in  view, 
moving  from  place  to  i)lace  and  noting 
where  the  illumination  differed  widely 
from  the  average. 

This  principle  of  setting  the  Lumeter 
at  a  given  jioint  suggested  the  use  of  an 
instrument  with  several  of  such  fixed 
values,  in  which  no  scale  would  be  re- 
(|uired.  but  in  which  the  illuniinali<»n 
would  be  roughly  gauged  l)y  observing 
which  of  the  values  most  nearly  l)alaneed 
with  the  existing  illumination.  He  ex- 
hibited a  model  of  an  instrument  of  this 
type  (for  the  making  of  which  he  was 
indebted  to  his  hither).  an<l  showed  ;i  slide 
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illiistrathi<>;  it  (Fig.  1).  The  top  surface 
of  the  box  consists  of  a  white  screen  with 
a  number  of  spots  upon  it  illuminated 
from  behind.  Various  degrees  of  illu- 
mination are  obtained  by  varying  the  size 


Fk;.  1.— "Box  Photometer  "  (Mr.  A.Cunnington). 

of  tlie  lioles  in  the  middle  diaphragm,  and 
thus  altering  the  area  of  the  light  source 
available.  The  light  from  the  lamps  in 
the  lower  ]iart  of  the  box  shines  through 
opal  glass,  or  other  translucent  material 
to  give  uniformity  of  illumination,  and 
this  lower  part  is  whitened  throughout 
in  order  to  secure  the  maximum  diffusion. 
The  battery  can  be  fixed  under  the  box 
or  at  one  side  of  if.  The  chief  ])oints  in  a 
scheme  of  this  sort  are  : — 

(1)  That  no  manipiilation  is  required. 

(2)  That  it  shows  at  a  glance  the 
general  character  of  the  illumination,  and 
changes  can  be  readily  detected. 

(3)  That,  as  the  instrument  has  not  to 
be  carried  at  eye  level,  the  battery  can 
be  contained  within  it. 

This  idea  might  be  developed  still 
further  and  made  in  a  very  compact  form 
for  a  single  standard,  by  using  an  ordin- 
ary torch  lamp  with  accumulator,  and 
fixing  in  front  of  it  a  screen  illuminated  to 
exactly  some  prescribed  value.  Such  a 
pocket    standard    might    be    useful    for 


rough  testing  in  factories  in  order  to  be 
sure  that  a  minimiim  illumination  was 
obtained. 

In  all  these  arrangements  some  form  of 
battery  was  necessary,  and  that  was  cer- 
tainly a  drawback,  although  he  thought 
the  difficulties  of  dealing  with  a  battery 
were  often  much  exaggerated.  It  was 
important  to  have  a  voltmeter  available 
to  check  the  voltage  of  the  cell,  and  to 
know  when  it  was  failing.  He  was  in- 
terested in  Prof.  Marchant's  suggestion 
as  to  using  correction  tables,  as  he  had 
been  in  the  habit  of  making  a  percentage 
correction  in  readings  w^hen  the  voltage 
of  the  cell  varied  from  the  normal.  It 
might  be  convenient  to  scale  the  volt- 
meter not  in  '"  volts  "  but  in  "  percentage 
error,"'  with  a  centre  zero  at  the  normal 
voltage  of  the  cell.  He  did  not  recom- 
mend that  such  an  instrument  should  be 
permanently  attached  to  the  photometer, 
but  should  be  capable  of  being  clipped 
across  the  terminals  of  the  cell  whenever 
required,  and  wo;ild  then  indicate  directly 
the  correction  to  be  made,  if  any. 

At  the  same  time  it  should  be  re- 
membered that  a  battery  of  reasonable 
capacity  remained  steady  for  a  long  time, 
and  he  had  often  used  batteries  for 
several  weeks  on  end,  taking  readings 
constantly  without  any  trouble.  A  rough 
indication  of  falling  voltage  could  be 
obtained  at  any  time  by  simply  holding 
on  the  switch  of  the  Lumeter  and  observ- 
ing whether  the  illumination  inside  re- 
mained constant  or  gradually  diminished. 
He  strongly  deprecated,  for  practical 
illumination  measurements,  the  carrying 
about  of  what  was  equivalent  to  a  com- 
plete photometric  laboratory.  It  was  said 
to  make  one  '"  independent  of  a  labora- 
tory." That  might  be  true,  but  only  at 
the  cost  of  carrying  the  laboratory  about 
with  you.  He  thought  all  checking 
against  standards  should  be  done  before 
going  out  to  test. 

With  regard  to  the  second  question, 
Mr.  Trotter  had  already  expressed  the 
opinion  that  the  physiological  difficulties 
were  practically  insuperable.  He  had, 
however,  made  a  few  rough  experiments 
in  the  direction  of  an  ""  extinction  " 
photometer  in  the  hope  that  even  if  only 
very  approximate  results  could  be  ob- 
tained, there  might  be  some  field  for  an 
instrument  of  this  class,  having  the  great 
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advaiitap;o  of  dis]>onsing  witli  l)attory  and 
comjiarison  lamj). 

He  exhibited  a  rough  model  of  tlie 
arrangement  as  outlined  in  Fig.  2.  The 
idea  was  to  look  through  a  transparent 
dia])hragm  on  which  was  marked  some 
fine  lines  or  small  type,  at  a  background 
which  was  lighted  by  the  illumination  it 
was  desired  to  measure.  This  back- 
ground was  graded  in  shade  from  very 
light  to  very  dark.  Then  if  the  illumina- 
tion were  high  a  very  dark  })ackground 


Fig.  2. — Suggested  instrument  based  on 
"contrast"  (Mr.  A.  Cunnington). 

could  be  placed  behind  the  diaphragm 
before  the  fine  linos  or  type  became  in- 
visible, whereas  with  a  low  illumination, 
they  would  be  indistinguishable  against 
a  much  lighter  background.  Tiie  vai'ia- 
rions  in  the  background  would  thus  in- 
dicate the  degree  of  illumination.  He 
regretted  that  u])  to  the  present  he  had 
not  got  any  reliable  results,  so  much 
depending  on  quality  and  condition  of 
eyesight. 

Mr.  J.  M.  Trezise:^ 

I  was  hoping  to  be  able  to  show  this 
evening  some  experimental  ])hotometric 
ajiparatus  with  which  1  was  working 
some  time  ago,  but  1  have  not  been  able 
to  get  very  much  ready  for  the  meeting. 
1  will,  therefore,  confine  myself  chiefly 
to  the  description  of  a  special  form  of 
])hotometer  screen. 

I  was  recently  engaged  in  the  design  of 
a  convenient  form  of  portal)le  photometer 
making  use  of  a  lens  to  view  the  illumin- 
ated surfaces  to  be  compared  so  as  to 


]iermit  f)f  the  instrument  being  of  small 
dimensions.  1  had  difiiculty  in  finding 
a  screen  which  would  stand  much  magnifi- 
cation without  tlie  surface  apj)earing 
granular  and  the  edge  either  ligliter  oi' 
darker  than  the  rest  of  the  field.  1 
noticed,  however,  when  making  ex])eri- 
ments  with  o])al  glass,  that  the  })i'oken 
ends  of  what  is  known  as  flashed  oi)al 
glass  {i.e.,  clear  glass  with  a  thin  o])al 
surface  on  one  side)  presented  a  renuirk- 
ably  uniform  brilliancy  when  viewed  at 
a  suitable  angle.  This  evenness  of 
brilliancy  is  not  disturbed  by  the 
irregularity  of  the  broken  end  of  the  glass 
when  it  is  cut  by  being  scratched  on  the 
opal  side  by  a  diamond  or  preferably 
a  cutting  wheel  and  broken.  In  the 
ordinary  way  this  uniformity  extends 
up  to  the  edge  of  the  surface  of  tlu'  broken 
end  so  that,  when  used  as  a  ])hotonu4er 
screen,  it  presents  a  clean  sharj)  edge 
giving  a  fine  dividing  line  between  the 
two  illuminated  surfaces  :  if  the  lights 
are  of  the  same  colour  this  edge  dis- 
appears altogether  when  a  balance  is 
ol)tained. 

I  have  here  a  piece  of  flashed  o])al 
glass  which  is  very  thi(;k  so  that  you 
may  see  the  edge  without  magnification, 
and  if  I  ]ilace  it  so  that  you  are  looking 
at  the  broken  end  at  an  angle  of  about 
40°  from  the  normal  you  will  sec  llir 
elTect  I  have  described. 

The  arrangement  is  shown  in  V\<i.  1. 


Fk;.  1— Inclined  glass  edge  screen 
(Mr.  J.  M.Tre/ise). 

Hv  placing  a  black  screen  with  a 
circular  hole  in  it  so  as  to  hide  all  l)ul  a 
semi-circular  portion  of  the  end  of  the 
glass  as  in  Fig  2  we  arrive  at  the 
arrangements  used  for  the  photometer  in 
measuring  surface   brightness,  a   view   of 
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the  test  plate  being  obtained  througli  the 
semi-circular  dark  hole  at  the  top  in 
instruments. 

In  the  model,  Fig.  3,  which  is  being 
passed  round  for  you  to  see,  the  glass  is 
thinner  and  a  lens  is  provided  to  give 
a  field  which  corresponds  to  a  circle 
-4  inches  diameter  at  a  distance  of  2  ft. — 
which  is  sufficiently  large  for  ordinary 
work. 


reads  from  1  foot-candle  to  100  ft. -candle 
fixed  to  the  objective  of  a  microscope 
and  which  is  contained  in  a  tube  f  inch 
diameter  by  1|  inch  long.  A  somewhat 
similar  instrument  is  shown  in  Fig.  4, 
a  model  of  which  is  shown  on  the  table. 
The  variation  in  the  brilliancy  of  the 
screen  (a)  as  viewed  through  the  lens  (b) 
is  effected  by  rotating,  half  a  revolution, 
the  tube  (c)  containing  a  glow  lamp  of 


-> 


Fig.  2. — Inclined  glass  edge  as  embodied  in  photometer  and  resulting  field 
of  view  (Mr.  J.  M.  Trezise). 


In  Figs.  1  and  2  the  light  is  placed  on 
the  side  remote  from  the  opal  surface 
and  the  brilliancy  seen  is  that  of  the  side 
of  the  opal  surface  next  the  light.  In 
this  case  ordinary  clear  glass  painted 
white  at  the  back  may  be  used.  In 
Fig.  3  the  light  is  on  the  opal  side  of  the 
glass  and  the  brilliancy  is  less  as  the 
light  is  filtered  through  the  layer  of 
opal  glass. 


/ 


about  aV  candlepower,  and  an  opal  glass 
window  {(]).  ^Vhen  this  window  is 
opposite  the  piece  of  flashed  opal  glass 
(a)  the  brilliancy  corresponds  to  1  ft.- 
candle.     When  it  is  in  the  position  most 


/ 
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Fig.  3.  —Small  illumination  photometer  using 
inclined  glass  edge  screen  (Mr.  J.  M.  Trezise). 

This  form  of  screen  lends  itself  very 
nicely  to  photometry  of  small  dimensions  ; 
indeed,  if  desired,  it  is  possible  to  make 
quite  a  satisfactory  instrument  very 
small  indeed.     1  have   used  one   which 


Fig.  4. — Showing  use  of  two  apertures  whose 
relative  position  can  be  altered  to  vary  illu- 
mination (Mr.  J.  M.  Trezise). 

remote  from  [a),  i.e.,  when  the  tube  has 
been  turned  through  half  a  revolution, 
the  brilliancy  is  0-1  ft. -candle.  By  turn- 
ing the  cap  (e)  so  as  to  bring  the  grey  glass 
(f)  in  the  line  of  vision  the  brilliancy 
of  the  test  plate  is  reduced  to  -^  of  its 
value,  and  the  readings  on  the  scale 
increased  tenfold.  Thus  the  instrument 
as  constructed  with  one  piece  of  absorbing 
glass  reads  from  0-1  to  10  ft. -candle. 


T'HE  ILLUMINATING  ENGINEER  (mabch  1916) 


d^ 


The  determining  factor  in  the  size  of 
this  model  was  the  diameter  of  the  glow 
lamp.  I  should  have  used  a  smaller 
tube  if  I  could  have  got  the  smallest  lamp 
I  had  into  it.  The  lamp  also  gave  far 
too  much  light  and  for  instruments  of 
this  kind  where  it  is  possible  to  bring  the 
lamp  very  close  to  the  screen  this  is 
generally  the  case. 

In  this  instance  I  wanted  a  maximum 
brilliancy  of  the  screen  to  match  1  ft.- 
candle  of  illumination  but  the  lamp, 
which  is  a2-5v.  lamp  run  at  2v.  and  gives 
about  -5  candlepower,  gave  20  ft. -candles 
on  the  screen,  i.e.,  20  times  more  light 
than  is  necessary. 

The  possibility  of  using  a  very  small 
lamp  for  a  portable  photometer  ought  to 
reduce  considerably  battery  troubles. 

In  the  instrument  of  which  Fig.  5 
is  a  diagrammatic  representation  two 
screens  (a)  and  (b)  are  used.  The  tube  (c) 
containing  a  -5  candlepower  lamp  is 
provided  with  an  opal  glass  window  of 
about  I  inch  diameter  which  when  it 
is  brought  close  to  the  screen  gives  a 
brilliancy  corresponding  to  60  ft. -candles, 


Fig. 


i.-  -Use  of  two  inclined  gia;' 
screens  (Mr.  J.  M.  Trczise). 


eilL'e 


and  when  it  is  moved  from  the  screen  to 
a  distance  of  about  1  inch  by  means  of 
the  snail  the  brilliancy  is  reduced  to 
0-6  ft. -candles  the  observation  being  made 
through  a  lens  over  the  aperture  at  (a). 
For  lower  readings  the  h'us  is  moved  to  a 
position  over  screen  (b)  wliich  is 
illuminated  by  the  light  ])assing  through 
screen  (a)  and  is  ])laced  at  such  a  distance 
from  (a)  as  to  attain  a  maximum 
brilliancy  corresponding  to  0-6  ft. -candle, 
and  this  may  be  reduced  by  the  move- 
ment of  the  lamp  to  0-005  ft.-candle. 


By  a  movement  of  the  lamp  of  about 
1  inch  therefore  the  range  of  the  instru- 
ment is  from  60  to  0-005  ft.-candle  and 
the  introduction  of  a  grey  glass  to  reduce 
the  brilliancy  of  the  test  plate  increases 
the  maximum  to  6,000  ft. -candles  or  to 
60.000  ft. -candles  by  the  use  of  a  coloured 
glass  for  daylight  measurements. 

I  may  say  that  in  arranging  the 
absorption  glasses  the  necessity  for  exact 
adjustment  of  the  glass  or  the  use  of 
wedges  has  been  avoided  by  selecting 
glass  of  suitable  colour  with  an  absori)ti()n 
somewhat  less  than  that  required,  the 
exact  value  being  obtained  by  inclining 
the  glass  from  the  normal  to  the  pencil 
of  light  until  the  required  absorption  is 
given. 

By  means  of  an  opal  glass  screen  in 
the  line  of  vision  the  instrument  may  be 
used  for  candlepower  measurements,  and 
if  the  light  to  be  measured  is  a  predeter- 
mined distance  from  the  instrument 
direct  readings  are  obtained.  If,  for 
instance,  the  light  is  7  feet  away  the 
candlepower  will  be  the  scale  readings 
multiplied  by  100.  This  arrangement 
is  convenient  for  taking  polar  curves 
of  lamps  or  shades. 

The  snail  is  designed  to  give  a  log  scale 
which  I  have  foimd  to  be  the  most 
convenient  for  an  instrument  of  this 
kind. 

Two  screeiis  nuiy  be  arranged  as  in 
Fig.  6  for  use  as  a  photometer  head  for 
bench  work. 

<zzz> 


Kn;.  6.— Model  of  pliolonietric  bencli  desi.Uiied 
lo  sliow  principle  «>f  instrument  (.Mr.  J.  M. 

Tre/.ise). 

The  arrangement,  when  used  on  an 
ordinary  bench  seems  to  be  very  sensitive, 
but  1  should  explain  that  the  model 
makes  it  appear  more  sensitive  than 
it  really  is  as  the  lights  are  closer  to  th<' 
screens  than  they  would  be  in  actual 
practice. 

The  models  on  the  tahle  may  be  in- 
spected at  the  close  of  the  meeting. 
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Mr.  J.  W.  T.  Walsh  (National  Physical 
Laboratory)  said  that  before  venturing  to 
offer  a  few  remarks  on  the  third  section 
of  the  headings  set  out  for  discussion,  he 
would  like  to  say  that  he  had  had  no  first 
hand  experience  whatever  of  phj^sical 
photometry.  Photometric  work  at  the 
N.P.L.  had  always  been  by  visual  com- 
})arison  and  although,  shortly  before  the 
outbreak  of  war,  the  question  of  a  research 
into  the  possibilities  of  physical  photo- 
metry was  being  discussed,  tlie  matter 
had  necessarily  been  temporarily  aban- 
d(med  owing  to  the  large  amount  of  more 
pressing  work  now  demanding  all  the 
attention  and  energy  of  the  staff.  Physical 
l)hotometry,  originally  developed  along 
})ractical  lines  in  Germany,  had  during 
the  last  few  years — he  might  also  say 
months — made  great  strides  in  the  United 
States  where  several  workers  had  pub- 
lished— chiefly  in  the  Physical  Review — 
the  results  of  their  researches  on  this 
subject.  The  chief  methods  of  physical 
])hotometry  might  be  roughly  classified 
in  two  main  divisions,  (a)  those  employing 
])hoto-electric  phenomena,  and  (b)  those 
depending  on  the  measurement  of  radia- 
tion, and  involving,  usually,  some  form 
of  thermopile  and  galvanometer.  He 
might,  perhaps,  be  forgiven  for  running 
(piickly  over  the  basic  principles  imder- 
lyiug  the  photo-electric  cell.  In  1888 
Hallwachs*  discovered  that  a  negatively 
electrified  l)ody  lost  its  charge  when  ultra- 
violet fell  upon  it.  A  year  later  Elster  and 
Geitelf  showed  that  electro-positive 
metals,  like  sodium,  ]»otassium,  and 
rubidium  exhibited  the  same  effect  when 
exposed  to  ordinary  light.  This  phe- 
nomenon, however,  only  occurred  with 
freshly  formed  metal  surfaces,  for  if  the 
plates  were  alh)wed  to  stand  in  air,  their 
activity  woukl  rapidly  diminish.  Later 
it  was  discovered  J  that  the  sensitiveness 
of  tlie  metal  surfaces  could  l)e  much 
increased  by  placing  them  in  a  bulb  con- 
taining hydrogen  at  h)W  pressure  and 
causing  a  glow  discharge  to  pass  between 
electrodes  sealed  in  this  bulb.  Under  this 
treatment  the  metal  undergoes  a  modifi- 

*  Hallwachs,  Ann.  il.  Plnj.sih;  33,  i)}).  301— 
312,  1888. 

t  Elstor  and  (Ic-ilcl,  Ann.  d.  I'hy-nk,  38,  ])]). 
40,497,1880. 

\  Klst<ir  and  TUutcl,  Phi/s.  Zeil.schr.,  M,  |)p. 
;i57— 202,  1910;    12,  pj).  "009—014,   1911. 


cation  of  form  in  the  course  of  which 
its  surface  becomes  coloured  and  is  found 
to  be  three  or  four  times  as  sensitive  as 
that  of  the  pure  metal.  The  hydrogen 
in  the  tube  must  be  subsequently  replaced 
by  argon  or  helium,  otherwise  the  sensi- 
tiveness would  be  found  gradually  to 
diminish   as   time   went   on.     The   figure 


0 


Fig 


1. — Usiuil  form  of  Elster  and  Gcilcl  phulo- 
ckctric  cell  (Mr.  J.  W.  T.  Walsh). 


showed,  somewliat  diagramniatically,  the 
form  generally  taken  by  a  sodium  or 
])otassiuni  photo-electric  cell.  C  is  the 
cathode  wire  in  contact  with  M  the  active 
metal,  while  A  is  a  wire  anode.  Tlic 
metal  has  undergone  the  preliminary 
treatment  with  hydrogen  described  above 
and  the  globe  is  filled  with  either  argon 
or  helium.  On  ai)))lying  a  potential  of 
say  6  to  12  volts  between  A  and  C,  atul 
illuminating  the  surface  of  M,  a  current 
is  found  to  flow  through  the  cell.  This 
current  is  exceedingly  small,  generally  of 
the  order  of  '>  by  lO-i"  amps,  per  foot- 
candle,    but    it    has    been    found    to    be 
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accurately  proportional  to  the  degree  of 
illumination  of  the  metal  surface  over  the 
extremely  wide  range  of  0.01  to  620  foot- 
candles.  Richtmyer,  in  America,  had 
described  an  ingenious  null-method  of 
photometry  by  means  of  such  photo 
electric  cells.*  His  apparatus  consisted 
of  two  similar  cells  arranged  with  two 
sources  of  potential  after  the  manner  of  a 
Wheatstone  Bridge  as  shown  in  the 
figure. 

Earth 


Flu.  2.  -Connections  for  iisinL^  plmlo-clcctric 
cells  on  Wiiealstone  Uriil^e  principle  (Mr.  J. 
W.  T.  Walsh). 

1*1  and  \\y  arc  tlic  <  wo  cells  ami  ej  and 
e2  the  two  sources  of  potential  the  con- 
nected  ends  of  which  are  of  o]»[)osi<e 
})oIarity.  The  indicating  instrument  K 
is  a  sensitive  electrometer.  First,  the 
values  of  Cj  ajid  e.^  are  adjusted  by  trial 
so  that  the  dark  currents  tlirongli  the. 
cells  {i.e.  the  currents  passing  when  the 
cells  are  unillumiiuited)  are  balanced. 
The  two  sources  of  light  to  l)(\  conii»ared 
are  then  j)laced  so  that  each  illuminates 
one  cell,  and  their  respective  distam-es 
from  the  cells  are  adjusted  until  there 

*F.  K.  F.ichdnycr.  /V/y.s.  lirr.,  (1.  pp.  (Hi— G8. 
July,  1'J15. 


IS  again  no  deflection  on  the  electrometer. 
It  has  been  found  that  the  two  cells  obey 
the   same   law   connecting   current   and 
illumination,  so  that  once  the  constant 
of  the   apparatus  has   been  determined 
it   forms   a   ready   means   of   comparing 
illuminations.     In    practice,     differences 
of  the  order  of  0.01  per  cent,  are  said  to  be 
detectable,  but  it  was  to  be  presumed, 
he  said,  that  an  essential  condition  was 
that  the  light  compared  nmst  be  exactly  of 
the  same  spectral  distribution  otherwise 
colour    screens    must    be    employed    to 
render  the  sensitivity  curves  of  the  cells 
identical  with  that  of  the  average  eye. 
Such  a  screen  had  been  devised  by  Dr. 
Voege  and  his  work  was  described  in  the 
Illuminating  Engineer  for  June,  1914. 
He  thought  it  might  be  said  without  fear 
of  contradiction  that  in  the  case  of  the 
photo-electric  cell,  at  least,  comparison 
of  two  sources  of  light  was  all  that  was 
in  any  way  practicable  at  present,  and 
though  it  would  be  a  distinct  advance 
to  be  able  to  supplant  the  human  eve 
by  some  jjhysical  apparatus,  yet  it  would 
be  a  still  greater  boon  if  some   means 
could   be   found   of   actually   measuring 
illumination    without    the    necessity    of 
constant  reference  to  some  standard  of 
comparison.     Advance  along  these  lines 
ap])eared    more   promising,    he    thought, 
in  the  case  of  the  seecmd  class  of  phvsieal 
])h()tometers    to    which    he    had    made 
reference    above,    viz.,    those    in    which 
the  radiation  from  a  source  was  measured 
by  some   instrument   working    generallv 
on  the  juinciple  of  the  thermopile.     Dr. 
Ives,  from  whom  th(\v  had  had  a   most 
interesting  comnumieation  (hat  evening, 
was  t)ne  of  the  pioneers  in  this  field  of 
physical   |)hotometry,   and   he   was  very 
intere.stcid   to    hear   of   the   e.xperiinents 
|)rogress  being  made,  and  of  the  results 
indicated.     Mr.   Dow   had   already  given 
a  very  eomph'le  account  of  the  metliotls 
and  a|)paratus  eniploved  and  there  was 
therefore    inching    for    him    to    add    as 
I'egards  that  |)ortion  of  the  subject.      If 
he  might    Ix'  allowed  another  niinut<'  or 
two.   however,   he  would  like  to  ask  the 
opinion   of  those    present    on   a   form    <if 
neutral    filter    for    jihotoinetric    use.    the 
design  of  which  had  occurred  to  him  siune 
few  months  ago  but  which  he  had  not  had 
th(^  (tpportunity  (»f  testing  fully,     it  con- 
sisted of  a  piece  of  clear  glass  coated  with 
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an  opat^ue  dead  black  varnish.  Fine 
lines  were  then  scratched  through  the 
varnish  thus  baring  the  glass  and  pre- 
senting a  transmitting  area  which  might 
bear  any  desired  ratio  to  the  opaque,  non- 
transmitting  area.  If  these  lines  were 
carefully  ruled  the  transmission  co- 
etficient  would  be  even  all  over,  and  a 
very  rough  specimen  he  constructed 
hastily  the  other  day  gave  a  surprisingly 
even  field  when  used  in  front  of  a  Lummer- 
Brodhun  photometer  head.  The  lines 
were  about  |  mm.  apart  and  the  trans- 
mission coefficient  came  out  to  be  in  that 
case  about  7  per  cent.  Such  a  device 
had  very  probably  been  employed  before 
but  as  he  had  never  seen  an  account  of  it, 
he  thought  it  might  be  viseful  to  mention 
it,  because  one  of  the  problems  which 
had  given  them  considerable  difficulty 
in  illumination  photometry  at  the  N.P.L. 
had  been  the  practical  impossibility  of 
obtaining  a  neutral  filter  glass.  A  similar 
device  which  had  proved  useful  just 
lately  in  the  redixction  of  very  green 
illuminations  was  the  use  of  successive 
thicknesses  of  black  tulle.  Each  thick- 
ness was  found  to  produce  a  reduction  of 
approximately  9.3  per  cent,  and  at  U 
thicknesses  the  reduction  was  still  sensibly 
the  same,  the  transmission  coefficient  of 
this  number  of  thicknesses  being  about 
25  per  cent.  He  should  be  very  glad  to 
know  if  such  a  form  of  filter  had  been  used 
before.  If  so,  no  doubt  someone  present 
would  have  either  seen  an  account  of  it 
or  would  have  had  first  hand  experience 
of  its  possibilities  and  limitations. 

Mr.  F.  J.  W.  Whipple,  speaking  upon 
Question  I,  said  that  the  instrument  used 


more  than  any  other  for  recording 
radiation  in  the  meteorological  service 
was  the  Cam])bell-Stokes  sunshine 
recorder  in  which  the  light  coming  through 
a  spherical  lens  browned  a  strip  of  blue 
cardboard  and  a  record  of  the  duration 
of  sunshine  was  obtained.  Of  the  instru- 
ments for  measuring  the  direct  intensity 
of  the  sunshine,  the  best  known  was  the 
Angstrom  apparatus  in  which  there  were 
two  metallic  strips,  one  of  which  was 
heated  by  sunshine  and  the  other  by  a 
current  passing  through  it.  By  means 
of  a  thermo-j unction  on  the  back  any 
difterence  between  the  temperatures  of 
these  two  strips  was  shown  and  the 
current  was  adjusted  until  the  difference 
vanishes.  This  instrument  had  been 
given  official  sanction  in  more  than  one 
International  Conference  but  it  took  a 
considerable  time  for  each  observation 
and  was  by  no  means  portable.  The 
portable  apparatus  which  was  most  in 
favour  for  measuring  the  intensity  of 
sunshine  was  Abbot's  Silver  Disc 
Pyrheliometer.  Another  instrument  of  a 
rather  similar  character  was  known  as  the 
Michelson  Actinometer.  In  this  there 
was  a  bi-metallic  strip  which  was  exposed 
to  the  illumination  of  the  sun  and  then 
shut  off  from  it.  On  the  end  of  this 
bi-metallic  strip  was  an  aluminium  arm 
carrying  a  quartz  fibre,  the  movement  of 
which  was  watched  by  means  of  a 
microscope  and  in  this  way  the  variation 
in  the  intensity  of  the  sunshine  could  be 
measured  with  the  utmost  rapidity.  It 
was  practically  a  dead  beat  instrument. 
A  steady  reading  could  be  obtained  in 
10  seconds  which  was  remarkably  quick 
for  a  purely  mechanical  device  of  this 
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Kccord  of  total  radiation  received  during  Saturday,  August  2^11],  l'H4,  at  the  South 
Kensington  Station  (Mr.  F.  J.  W.  Whipple). 
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nature.  An  instrument  which  directly 
measured  the  heating  effect  of  light  from 
the  sky  as  well  as  from  the  sun  was  the 
Callendar  electrical  recorder,  and  there 
should  be  no  difficulty  in  making  use  of 
this  instrument  for  practical  illumination 
measurements.  It  could  certainly  be 
used  for  measuring  the  intensity  of  day- 
light illumination  which  he  presumed 
came  within  the  scope  of  the  work  of  the 
Illuminating  Engineering  Society. 

Mr.  G.  L.  Addenbroke  said  that  he 
had  for  some  years  carried  out  experi- 
ments on  selenium  as  a  dialectric. 

The  question  of  the  effect  of  impurities 
was  important.  Twenty  years  ago  he 
had  made  experiments  on  this  point  and 
had  analysed  the  constitution  of  the 
impurities,  amounting  to  about  J  per 
cent.  These  proved  to  consist  partly  of 
brass  and  partly  of  copper.  The  whole 
value  of  these  cells  lay  in  their  preparation 
and,  speaking  generally,  this  must  be 
regarded  as  an  element  of  uncertainty. 
A  great  majiy  people  had  spent  time  in 
preparing  the  cells  in  various  ways,  and 
found  that  their  utility  depended  very 
much  on  this  small  impurity. 

When  it  was  remembered  that  a  cell  was 
frequently  put  on  one  side  for  long  periods 
and  then  taken  again  into  use,  their 
conditions  at  the  present  stage  did  not 
appear  very  hopeful.  The  position 
seemed  very  similar  to  that  which 
occurred  in  photography  twenty-five 
years  ago  when  many  people  were 
experimenting  with  the  gelatine  process. 
Many  of  these  people  were  not  chemists 
or  scientific  men,  but  by  making  a  very 
large  number  of  experiments,  one  out  of 
the  whole  lot  gave  surprisingly  good 
results,  and  this  led  to  further  progress. 

He  was  much  interested  to  hear  of  the 
work  of  Ives  and  others  in  the  United 
States,  and  perhaps  their  work  would 
eventually  lead  to  a  simiUir  result. 

Mr.  W.  R.  Cooper  said  that  the 
question  referring  to  selenium  appealed 
to  him,  but  unfortunately  it  was  not 
a  very  satisfactory  substance  to  deal  with. 
The  sensitiveness  of  selenium  did  nob 
correspond  with  that  of  the  eye,  for  it  was 
sensitive  practically  only  to  the  orange 
part  of  the  spectrum  and  consequently 
the  effect  produced  by  light  varied  witli 


the  wave-length.  The  sensitiveness  also 
depended  upon  the  heat  treatment  given 
to  the  selenium  in  preparing  the  resist- 
ance, the  thickness  of  the  selenium  and 
the  method  of  construction  adopted. 
If  selenium  was  used  for  photometric 
purposes  it  was  necessary  to  calibrate  the 
instrument,  and  it  was  quite  impossible 
to  compare  sources  of  light  differing  in 
character ;  thus  a  source  rich  in  red 
could  not  be  compared  with  one  deficient 
in  red,  except  by  means  of  special  calibra- 
tion. There  were  also  other  difficulties  ; 
the  variation  of  resistance  depended  upon 
the  length  of  exposure  and  complete 
recovery  took  a  considerable  time.  Thus 
it  was  necessary  to  adopt  a  definite  cycle 
in  photometric  work,  the  selenium  being 
exposed  for  a  short  time  and  then  allowed 
to  recover  for  a  certain  time  before 
another  observation  was  taken.  In  look- 
ing over  the  literature  on  the  subject  he 
was  struck  with  the  fact  that  the  amount 
of  quantitative  work  carried  out  on  the 
construction  of  selenium  resistances  was 
very  little.  Much  more  would  have  to  be 
done  in  this  direction  before  an  idea  could 
be  obtained  as  to  how  a  definite  sensitive- 
ness was  obtained.  Although  there  were 
objections  to  using  selenium  directly  for 
photometric  work  it  seemed  to  him  that 
it  might  be  used  as  a  detector  for  com- 
paring illuminations,  and  it  would  have 
the  advantage  of  being  free  from  fatigue 
which  was  troublesome  to  the  eye.  He 
could  not  agree  with  the  opinion  ex- 
pressed by  Mr.  Addenbrooke  that  the 
action  of  selenium  depended  upon  im- 
purities. All  the  research  for  many  years 
past  was  entirely  against  this  view. 
With  regard  to  the  use  of  voltmeters  on 
illumination  photometers  to  check  the 
constancy  of  the  accumulators  it  should 
be  remembered  that  a  small  voltmeter 
would  not  easily  give  a  reading  of  one 
per  cent,  and  that  the  variation  of  one 
per  cent,  in  the  voltage  meant  con- 
siderably more  than  one  per  cent,  in  the 
illumination. 

Mr.  L.  Gaster  (Hon.  Secretary)  ex- 
pressed his  appreciation  of  the  interesting 
contributions  to  the  discussion. 

He  thought  the  time  was  ripe  for  the 
invention  of  some  simpler  instruments 
for  measuring  illumination,  which  might 
permissibly   be   less   accurate   than     the 
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illumination  photometers  already  avail- 
able, but  which  would  enable  managers 
of  works  to  tell  at  a  glance  the  order  of 
illumination  prevaiUng  in  their  factory. 

The  possibiUties  of  selenium  had  always 
interested  him,  and  he  recalled  that  Dr. 
Ruhmer  of  Berlin  had  shown  him,  years 
ago,  selenium  cells  which  he  stated  were 
perfectly  pure.  He  believed  that  the 
manner  in  which  such  selenium  was  pre- 
pared was  of  considerable  consequence 
and  had  a  distinct  influence  on  the  dis- 
tribution of  sensitiveness  throughout  the 
spectrum.  It  was  of  interest  to  recall 
that  about  twelve  years  ago  a  portable 
photometer  using  selenium  was  contrived 
by  Dr.  Torda.  In  this  case  the  effect  of 
fatigue  due  to  continuous  exposure  to  the 
illuminant  was  obviated  by  an  automatic 
shutter  which  covered  the  cell  after  it  had 
been  exposed  for  a  few  seconds.  This 
shutter  was  operated  by  clockwork  and 
made  it  impossible  to  use  the  cell,  except 
after  a  suitable  interval  for  recovery. 

In  the  course  of  his  visits  to  factories 
he  had  been  informed  by  the  manager  of 
one  large  factory  that  he  had  contrived 
a  selenium  apparatus  to  indicate,  by  the 
ringing  of  a  bell,  when  the  illumination 
fell  below  a  specified  value.  Mr.  Turner's 
apparatus  seemed  intended  to  accomplish 
the  same  result. 

It  had  also  occurred  to  him  that  an 
apparatus  of  this  kind  might  possibly  be 
contrived  on  the  principle  of  the  Dalen 
"  sun- valve."  This  valve  was  employed 
with  acetylene  buoys  and  was  constructed 
to  turn  off  all  but  the  bye-pass  during  the 
day,  but  to  turn  the  cock  full  on  at  night, 
in  this  way  leading  to  a  very  consider- 
able saving  in  gas.  The  principle  of  the 
valve  depended  on  the  unequal  expansion 
of  two  cylinders,  one  highly  polished  and 
one  coated  with  dead  black  material.  It 
was  stated  that  in  this  way  one  secured 
an  apparatus  which  responded  to  light 
rays  but  was  practically  unaffected  by 
radiant  heat. 

In  conclusion,  Mr.  Gaster  referred  to 
the  interesting  contributions  describing 
the  work  being  carried  on  in  the  United 
States  on  selenium  and  photo-electric 
cells,  and  thermopile  measurements,  and 
thanked  the  gentlemen  concerned  for  the 
trouble  they  had  taken  in  putting  this 
information  at  the  disposal  of  the  meeting. 
No  doubt  this  discussion  would  stimulate 


interest  in  the  subject,  and  would,  he 
hoped,  lead  to  further  advances  in  the 
measurement  of  light  and  illumination. 

Mr.  J.  S.  Dow  (communicated)  ;— 
It  occurred  to  me  that  it  would  be  of 
interest  to  describe  two  forms  of  photo- 
meters which  were  experimented  with  by 
Mr.  Mackinney  and  myself  some  time  ago, 
but,  chiefly  owing  to  the  disturbance 
caused  by  the  war,  have  not  yet  been 
developed  to  a  practical  stage. 

One  of  these  (see  Fig.  1)  may  be  termed 
a  ''  cell-photometer,"  and  is  designed  on 
very  similar  lines  to  that  suggested  by 
Mr.  Cunnington.  The  lamp,  in  a  dead- 
white  chamber,  produces  an  even  illu- 
mination over  a  sheet  of  diffusing  glass  or 
celluloid.  This  surface  becomes  an  illu- 
minating source  and  illuminates  a  second 
white  chamber.  (This  diffusing  screen 
seems  desirable  in  order  to  produce  even 
illumination  and  diminish  the  light,  but 
is  not  strictly  necessary.)  The  even 
illumination  in  the  upper  white  chamber 
lights  up  a  second  diffusing  screen,  which 
might  be  of  flashed  opal  or  ground  glass. 
This  is  placed  below  a  slab  of  white  vul- 
canised fibre,  in  which  a  series  of  holes 
have  been  drilled.  Above  this  slab  a 
Leeson  disc  screen  is  arranged,  the  circular 
apertures  being  each  above  the  corre- 
sponding hole.  Thus  each  hole  becomes 
an  evenly  illuminated  cell  lighting  up  the 
disc  immediately  above  it.  The  intensity 
of  the  illumination  in  each  hole  can  be 
graded  by  obscuring  more  or  less  of  the 
translucent  surface  immediately  under  it. 
Thus  we  can  arrange  that  a  series  of  six 
small  discs  disappear  at  illumination  of, 
say,  0.1,  0.5,  1,  2,  5,  and  10  foot-candles. 
By  having  an  exactly  similar  series  of 
holes,  but  placing  beneath  them  a  suitable 
dark  glass  or  strip  of  opal  glass  cutting 
oft'  one-tenth  of  the  light,  we  can  secure 
an  additional  low  scale  with  readings  of 
0.01,  0.05,  0.1,  0.2,  0.5  and  1  foot- 
candles. 

Another  way  of  meeting  the  problem 
is  shown  in  Fig.  2.  In  this  case  the  even 
illumination  of  a  diffusing  glass  screen  is 
again  produced  by  a  lamp  in  a  white 
chamber.  But  the  upper  chamber  is  now 
black.  It  contains  an  opaque  division 
running  transversely  across  and  dividing 
it  in  two  so  that,  at  the  left  top  corner  of 
the  box  the  diffusing  screen  is  entirely 
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obscured,  while  at  the  right  top  corner  it  obscuring  material  under  a  second  slot. 

is  entirely  visible.     As  a  result  the  illu-  The  idea  of  this  instrument  was  suggested 

mination  on  the  screen  at  the  top  falls  to  me  by  a  simple  apparatus  shown  at  a 

uniformly   from    a    prescribed   value    of  meeting  of  the  Society  by  Mr.  Haydn  T. 

illumination    (say    10    foot-candles)    to  Harrison  some  years  ago.* 

nothing.  I  found,  however,  that  it  is  not  easy 
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Fig.  1. — Scheme  for  portable  illuinination 
photometer  of  the  "  cell-type."  requiring 
no  manipulation  to  obtain  a  reading;  (Mr. 
J.  S.  Dow). 

The  screen  is  conveniently  made  on  the 
Leeson  principle.  It  may  consist  of  a 
slot  in  a  thin  piece  of  cardboard,  having 
on  either  side  a  thin  sheet  of  tissue  jjaper, 
and,  as  in  the  case  of  the  other  instru- 
ment, a  lower  scale  of  one-tenth  the  value 
could   be   obtained   by   placing   suitable 
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Fig.  2. —  Scheme  for  portable  illumination 
photometer,  with  j^raded  scale  requiring 
no  manipulation  (Mr.  J.  S.  Dow). 

to  determine  the  precise  point  where  the 
slot  changes  from  "  bright  "  to  "  dark  "  ; 
the  transition  is  too  gradual.  It  there- 
fore appears  necessary  in  such  instru- 
ments to  have  a  series  of  discs  or  squares 
so  that  the  surface  to  be  judged  is  com- 
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pletely  surrouuded  by  the  other  one  with 
which  it  is  to  be  contrasted. 

In  both  the  instruments  described 
above,  one  aims  at  obtaining  a  reading  by 
mere  inspection,  and  without  having  to 
manipulate  anything  to  obtain  a  balance. 
In  this  way  one  approaches  nearer  to 
the  principle  of  a  direct  reading  electrical 
watt-meter,  while  an  ordinary  photo- 
metric instrument  might  be  compared 
with  a  Siemens  dynamometer. 

As  regards  the  question  of  making 
instruments  of  the  "  extinction  "'  type, 
it  is  possible  that  such  apparatus  might 
furnish  rough  indications  in  cases  where 
comparisons  are  made  between  lights 
of  the  same  colour,  or  of  the  illumination 
yielded  at  various  points  by  one  and  the 
same  lamp.  But  in  comparing  sources 
which  differ  in  spectrum  composition  it 
seems  a  wrong  principle  to  take  measure- 
ments at  the  extinction  point  where  the 
eye  is  in  an  entirely  different  condition 
from  what  it  is  at  ordinary  illuminations. 
This  matter  deserves  lurther  study ; 
it  would  probably  be  found  that  such 
methods  favour  unduly  lights  which 
have  a  pronounced  green-blue  element 
in  their  spectrum. 

The  observation  of  fine  type  introduces 
difficulties  arising  through  variation  in 
the  acuteness  of  vision  of  the  observer. 
Possibly  such  difficulties  might  be 
mitigated  by  employing  observation  of 
contrast  which  seems  likely  to  vary  to 
a  less  degree  than  perception  of  form. 

The  Chairmax  thought  the  subject  of 
the  discussion  had  been  justified  by  the 
results.  There  had,  he  said,  been  some 
very    interesting    communications    read 


and^  some  most  useful  and  valuable 
contributions  from  the  speakers  in  the 
discussion.  It  seemed  to  him  that  we 
should  realise  very  fully  the  necessity 
of  having  some  reliable  form  or  forms  of 
portable  photometers  if  we  are  to  see  the 
introduction  of  low  illumination  readings 
as  the  determining  features  regarding  the 
performance  or  non-performance  of  street 
lighting  contracts,  and  the  compliance  or 
non-compliance  with  statutory  require- 
ments in  factories  and  workshops.  We 
did  not  yet  feel  sufficiently  certain  that 
the  portable  photometers  on  the  market 
could  be  relied  upon  with  such  a  degree 
of  accuracy  within  a  small  or  reasonable 
margin  of  error  as  to  provide  the  basis  of  a 
contract  containing  a  penalty  clause.  At 
any  rate  he  himself  did  not  feel  this  and 
he  did  not  think  that  many  who  were 
acquainted  with  the  subject  of  illumina- 
tion felt  any  certainty  either.  It  had 
been  quite  truthfully  said  that  it  was 
impossible  to  carry  the  laboratory  about 
in  streets  or  in  factories  and  it  was 
necessary  to  be  sure  that  results  were 
obtained  from  portable  instruments  which 
closely  approximated  to  laboratory  tests. 
It  was  very  good  news  to  hear  from  Mr. 
Walsh  that  the  National  Physical  Labora- 
tory when  war  broke  out  were  carr\ang 
out  research  in  the  direction  of  photo- 
meters depending  on  physical  and 
chemical  methods,  but  naturally  they 
could  not  be  expected  to  carry  on  this 
work  during  the  war.  Obviously  the  ideal 
was  a  physical  and  not  a  physiological 
determination  of  illumination,  so  that 
there  could  be  no  question  of  dispute 
through  the  introduction  of  the  human 


INDUSTRIAL  ILLUMINATION. 

We  notice  in  the  Bulletino  delV  Ufficio 
del  Lavoro  (the  official  publication  of  the 
Italian  Ministry  of  Agriculture,  Industry 
and  Commerce)  a  reference  to  the  Report 
of  the  Home  Office  Departmental  Com- 
mittee on  Lighting  in  Factories  and 
Workshops  in  this  country.  The  ^^Titer 
recalls  the  steps  leading  up  to  the  issue 


of  tins  Report,  including  the  important 
place  assigned  to  good  industrial  lighting 
at  the  Brussels  Congress  in  1910.  The 
Italian  Government  have  taken  a  pro- 
minent part  in  encouraging  the  research 
into  industrial  hygiene,  and  it  is  interest- 
ing to  observe  that  they  are  fully  in- 
formed as  to  the  steps  being  taken  in 
this  direction  in  England. 


NEW  ADDRESS. 

R.    C.    Bussell    (Director    of    Blanchard    British     Lamps,     Ltd. 
Hill,  London,  N.W. 


1 3,    Haverstock 
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SUMMARY    OF    DISCUSSION. 

For  tbe  convenience  of  members  we  give  below  a  summary  of  tlie  chief 
suggestions  made  in  the  course  of  the  discussion  printed  in  extenso  in  the 
preceding  pages.  The  suggestions  of  the  various  speakers  and  contributors 
are  arranged,  as  far  as  possible,  under  the  heading  of  the  respective  inquiries  (see 
p.  80)  to  which  they  refer. 

(1)  What  possible  methods  can  you  suggest  for  makmg  illumination  jjJiotonieters  oj 
the  ordinary  type  {i.e.,  those  involving  the  use  of  a  comparison  source  of  light)  more  con- 
venient for  the  ttse  of  the  general  j^ublic  ? 

Mr.  Trotter  (p.  84)  expresses  doubt  whether  "  the  general  public  "  should  be 
encouraged  to  amuse  themselves  with  illumination  photometers.  Some  experience 
is  necessary.  Mr.  Cunnington,  however  (p.  89),  thought  that  the  difficulty  of  taking 
photometric  observations  is  apt  to  be  exaggerated  and  that  simplification  of  the 
process  might  be  encouraged.  The  Chairman  (p.  100)  joointed  out  the  need  for 
thoroughly  reliable  instruments  for  use  in  determining  features  regarding  the  per- 
formance or  non-performance  on  contracts,  especially  those  involving  a  penalty 
clause.  For  such  work  accurate  apparatus  was  essential,  even  though  this  might 
involve    some  greater  complexity. 

Favourable  experience  with  instruments  of  the  luxomoter  and  lumeter  type  is 
recorded.  The  chief  source  of  difficulty  is  the  fact  of  the  battery  gradually  running 
down  if  the  instrument  is  used  for  long  periods.  Dr.  Marchant  suggests  that  a  device 
automatically  correcting  for  change  in  voltage  might  be  incori)orated  in  the  instrument 
(p.  85).  Mr.  W.  R.  Cooper  (p.  97)  pointed  out  that  if  a  voltmeter  were  used,  it  should 
be  exceptionally  accvxrate.  Mr.  Cunnington  did  not  find  this  difficidty  of  falling  P.D. 
serious,  but  sometimes  found  it  convenient  to  make  a  correction  from  a  voltmeter 
reading.  He  thought,  however,  that  such  instruments  should  be  simplified  and  that, 
for  ordinary  experimental  work,  no  attempt  shoidd  be  made  to  make  the  user 
"  independent  of  a  laboratory,"  if  this  implied  undue  complexity. 

One  direction  of  experiment  ^\•ouId  bo  to  produce  instruments  which  coidd  be 
read  on  inspection,  without  it  being  necessary  to  manipulate  the  parts  tr  obtain 
balance.  A  form  of  "  box-photometer  "  on  this  principle  is  described  by  Mr.  Cunning- 
toii  (p.  90)  and  other  attempts  in  this  direction  are  mentioned  by  Mr.  Dow  (p.  99). 
Ml'.  J.  M.  Trezise  (p.  91)  describes  a  new  form  of  photometri(^  HcrtH>n,  utilising  a  piece  of 
white  glass  which  is  cut  witli  a  diamond  and  inclined  at  a  suitable  angle.  This  jirovt  s 
to  be  extremely  sensitive.  The  screen  has  been  embodied  in  various  very  compact 
forms  of  instruments,  which  are  described.  The  apparatus  can  be  compr(>ssed  within 
very  small  dimensions  by  using  a  small  lamp,  placed  veryn  ear  to  tlu>  illmninated  .screen. 

Lieut.  Haydn  T.  Harrison  (p.  84)  objects  to  the  use  of  an  eyepiece  ;  the  photo- 
metric screen  should  be  viewed  Mith  both  eyes.  ]\Tr.  AA'alsh  suggests  a  fciim  of  ab.sorbing 
screen  made  by  scratching  fine  lines  on  a  glass  coated  with  black  varnish. 
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(2)   What  are  the  prospects  of  inaking  a  satisfactory  instrument  depending  on  : — 

(a)  The  principle   of  "  extinction,"   i.e.,   diminishing   the   ilhnnination   to   he 

measured  until  some  small  object  just  becomes  invisible  to  the  eye  ? 

(6)  The   observation   of  fine   type — a   minimvm   illumination   being   indicated 

by  the  fact  of  fine  type  becoming  indistinguishable  when  viewed  by  the  ptrevailing 

illumination  at  the  point  studied  ? 

Mr.  Trotter  (p.  84)  expresses  the  view  that  physiological  difficulties  render  all 
methods  of  "  extinction  "  and  "  mininium  visible  "  misleading.  Dr.  Marchant  (p.  85) 
thinks  that  instruments  depending  on  acuteness  of  vision  have  very  small  prospect 
of  accuracy.  Lieut.  Harrison  (p.  85)  does  not  favour  measurements  by  observation  of 
type,  owing  to  variation  in  the  acuteness  of  vision  of  observers.  Instruments  based 
on  extinction  can  be  contrived  but  the  colour  difficulty  should  be  considered,  and 
such  instruments  are  probably  o\Ay  applicable  when  comparing  lights  of  similar  colour. 
The  same  view  is  expressed  by  Mr.  Dow  (p.  100),  who  adds  that  if  such  principles 
are  used  as  a  rough  guide,  observation  of  contrast  would  probably  be  preferable  to 
perception  of  form.  Mr.  Cunnington  (p.  91)  has  contrived  an  apparatus  based  on 
the  latter  principle,  but  so  far  has  not  got  any  reliable  resvilts. 

(3)  What  are  the  prospects  of  making  a  satisfactory  instrument  depending  on  the 
following  physical  or  chemical  methods  : — 

(a)  The  use  of  selenium  or  other  photo-electric  cells. 

(b)  The  use  of  thermopiles  or  other  instruments  for  measuring  radiation  with 
or  without  a  suitable  solution  or  screen  for  absorbing  the  non-visible  rays. 

(c)  The  difference  in  expansion  of  two  metallic  elements,  one  polished  so  as 
to  reflect  a  maximum  of  visible  light,  the  other  coated  with  an  absorbent  mat  black 
material,  but  otherwise  similar. 

{d)  The  use  of  photographic  methods  such  as  the  darkening  of  light-sensitive 
paper. 

(a)  Recent  work  on  selenium  and  other  photo-electric  cells  is  summarised  by 
Mr.  Dow  (pp.  81,  82)  and  by  Mr.  Walsh  (p.  94).  Reference  is  made  to  the  effect  of 
fatigue,  the  variations  in  the  behaviour  of  different  cells,  and  to  the  fact  that  the 
relative  sensitiveness  throughout  the  spectrum  of  selenium  cells  alters  according  to  the 
illumination.     Information  on  these  points  is  also  furnished  by  Mr.  Cooper  (p.  97). 

Mr.  Addenbrooke  has  found  that  impurities  exercise  an  important  influence  on 
selenium  (p.  97),  but  this  is  not  Mr.  Cooper's  experience  (p.  97).  Selenium  was  used  in 
a  form  of  portable  photometer  by  Torda  many  years  ago,  the  instrument  being  provided 
with  an  automatic  shutter  to  avoid  the  effect  of  fatigue  (Mr.  Gaster,  p.  98).  Mr. 
Turner  has  applied  it  to  enable  lamps  to  be  automatically  extinguished  in  daylight 
and  lighted  up  in  the  evening,  and  it  has  been  used  in  a  similar  purpose  in  factories 
(p.  98).  Mr.  Cooper  also  mentions  the  use  of  selenium  cells  as  "  detectors  "  in  this  way, 
but  thinks  that  at  present  the  various  difficulties  emunerated  above  prevent  its 
successful  vise  for  photometry.  However,  improvements  in  the  preparation  of  such 
cells  may  lead  to  an  advance  in  the  future. 

The  Elster  and  Geitel  cell  is  described  by  Mr.  Walsh  (p.  94)  and  referred  to  by 
Prof.  Fery  (p.  88)  and  Dr.  Ives  (p.  87),  who  mentions  some  recent  work  having  for  its 
object  the  preparation  of  cells  for  which  the  relation  between  illumination  and  response 
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is  a  straight-line  law.  Attempts  are  also  being  made  to  achieve  uniformity  as  regards 
sensitiveness  to  light  of  different  coloiirs,  in  which  case  the  photo-electric  cell  might 
prove  a  reliable  and  highly  sensitive  method  of  measurement.  At  present,  however, 
it  is  essentially  an  apparatus  for  laboratory  use. 

(6)  Mr.  Dow  describes  recent  instrviments  due  to  Ives  for  measui'ing  light  depend- 
ing on  the  use  of  thermopiles  (p.  83),  and  this  subject  is  also  discussed  by  Prof.  Fery, 
who  has  evolved  an  apparatus  of  this  type.  Such  instruments  use  either  a  cell  of 
special  solution  to  absorb  the  non-visible  rays  and  correct  the  sensitiveness  tlu'oughout 
the  spectrum  so  as  to  produce  what  is  equivalent  to  an  "  artificial  eye"  ;  or  a  similar 
correction  is  applied  by  means  of  prisms  and  a  suitable  screen  cutting  down  the  radiation 
at  each  point  in  the  spectrum  in  the  desired  proportion. 

Still  more  recent  experiments  are  described  by  Dr.  Ives  (p.  87)  and  Dr.  Coblentz 
(p.   87). 

It  is  hoped  to  increase  the  sensitiveness  of  such  instruments  by  some  form  of 
current  amplifier  on  the  lines  of  those  developed  for  wireless  telegraphy. 

Mr.  Waldram  (p.  85)  points  out  the  close  resemblance  between  the  curve  of  solar 
radiation  obtained  bj^  physical  instruments  at  the  Meteorological  Office  and  similar 
curves  obtained  with  a  photoineter  shoM'ing  the  variation  in  daylight  throughout  the 
day.  Mr.  Whipple  reproduces  a  typical  ciu-ve  obtained  by  physical  methods  at  South 
Kensington  (p.  96)  and  describes  a  number  of  instruments  used  for  measiu-ing  solar 
radiation  ;    these  may  have  some  application  to  jDhotometric  problems. 

Experience  seems  to  show  that  at  present  an  instrument  measuring  radiation  as 
heat,  and  corrected  by  prismatic  means  or  by  using  a  cell  of  special  solution,  affords  the 
most  accvu-ate  and  hopeful  method  of  measuring  light  by  physical  means.  A  high 
degree  of  accuracy  has  been  obtained  in  the  laboratory,  but  the  refined  nature  of  the 
apparatus  and  the  small  electric  cvirrents  to  be  measured  at  present  seem  to  impede 
the  use  of  this  method  in  portable  illumination  photometers.  Moreover,  in  any  case 
they  involve  the  use  of  a  batter^',  which  is  the  chief  difficulty  in  illumination  jahoto- 
meters  of  the  ordinarj^  kind. 

(c)  A  sviggestion  on  this  point  is  made  by  j\Ir.  G aster  (p.  98)  who  remarks  that 
the  principle  used  in  the  Dalen  solar  valve  for  use  with  acetj'lene  buojs  might  possibly 
be  applied  for  the  physical  measurement  of  light.  This  apparatus  depends  on  the 
vmequal  expansion  of  two  elements,  one  highly  polished  and  one  coated  a  dead  black, 
and  is  used  for  the  automatic  tiu-ning  off  of  acetylene  lights  when  in  full  daylight,  the 
flame  being  tm'ned  on  again  when  darkness  falls.  The  application  of  the  method  to 
photometry  requires  further  investigation. 

(fZ)  Photographic  methods  are  referred  to  by  varioiis  speakers  (INIr.  Dow,  p.  82  ; 
:\Ir.  H  arrison,  p.  85  ;    Mr.  Waldram,  p.  85  ;    Prof.  Fery,  p.  88). 

It  is  pointed  out  that  the  relative  sensitiveness  throughout  the  spectnmi  differs 
considerably  from  that  of  the  eye  and  varies  according  to  the  chemical  material  uted. 
Therefore,  while  the  method  may  be  used  for  relative  work,  it  is  not  readily  applicable 
to  the  comparison  of  illuminants  which  differ  in  spectrum  composition.  MoreoAcr, 
as  a  rule  the  use  of  photographic  methods  is  tedious  in  comparison  with  the  ease  with 
which  an  ordinary  illumination  photometer  can  be  handled.  One  special  advantage 
of  photography,  however,  is  its  integx-ation  of  light-effects  with  respect  to  time.  It 
may,  therefore,  have  applications  for  testing  fluctuating  and  very  transient  liplil- 
effects. 


104 


THE  ILLUMINATING  ENGINEER  (mabch  1916) 


(4)  What  iyistances  can  be  quoted  of  the  above  principles  being  used  successfully 
in  other  fields  of  photometry,  for  example,  in  records  of  daylight,  meteorological  observations, 
determining  polar  curves,  observing  fluctuations  in  the  light  given  by  various  lamps,  Sc.  ? 

Lieut.  Harrison  refers  to  the  vise  of  photogi'aphic  records  of  testing  periodic 
fluctuations  in  the  candlepower  of  flickering  light-sources,  and  the  deposits  on  the 
bulbs  of  incandescent  electric  lamps.  The  method  has  also  been  experimented  with 
for  tracing  polar  cvirves  of  light -sources.  For  this  latter  purpose  thermopiles  have 
also  been  vised. 

Photography  has  also  been  applied  in  dealing  with  very  faint  lights,  for  example  in 
researches  on  the  quality  of  light  yielded  by  fireflies. 

It  is  also  suggested  that  some  of  the  above  methods,  while  not  yet  applicable 
to  portable  illumination  photometers,  would  be  of  value  in  laboratory  work  on  standards, 
&c.,  where  minute  changes  in  candlepower  are  being  studied,  and  a  check  on  personal 
observations  by  some  method  independent  of  physiological  errors  is  therefore  desirable. 

(5)  Are  you  aware  of  any  methods  tvhich  could  conveniently  be  employed  in  the 
design  of  instruments  to  indicate  automatically  when  the  illumination  in  an  intericr 
has  fallen  below  a  prescribed  minimum,  and  an  increase  in  the  ilhmiination  is  therefore 
necessary  ? 

Three  cases  are  mentioned,  the  use  of  Tmner's  selenium  apparatus  for  auto- 
matically extinguishing  and  lighting  street  lamps  (p.  86)  ;  the  use  of  selenium  cells 
for  indicating  the  time  when  artificial  lighting  is  needed  in  factories  (p.  98)  ;  and  the 
use  of  the  Dalen  Sun  Valve  for  automatic  control  of  acetylene  buoys.  But  little  has 
been  published  regarding  the  accuracy  with  which  such  apparatus  can  be  made  to 
operate  at  a  particular  value  of  illumination 


RESEARCH     ON     PROBLEMS     OF     IN- 
TEREST   TO    THE    LIGHTING 
INDUSTRY. 

With  a  view  to  considering  the  organi- 
sation of  research  on  problems  of  interest 
to  the  lighting  industry',  a  Committee  of 
the  Illuminating  Engineering  Society  has 
been  formed,  and  will  issue  a  Report  on 
the  subject  for  consideration  at  the 
Annual  Meetmg  of  the  Society,  to  take 
place  at  the  House  of  the  Royal  Society 


of  Arts  at  5  p.m.  on  Tuesday,  May  9th 
This   discussion   will   follow  immediately 
after  the  conclusion  of  formal  business. 

jNIeantime  members  are  invited  to  send 
in  to  the  Hon.  Secretary  (Mr.  L.  Gaster, 
32,  Victoria  Street,  S.W.)  any  suggestions 
for  research  which  might  profitably  be 
supervised  or  undertaken  by  members  of 
the  Society,  and  these  suggestions  will  be 
submitted  to  the  Committee  in  due 
course. 
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A    YEAR'S    PROGRESS    IN    ILLUMINATING 
ENGINEERING. 

A  Report  presented  by  the  Committee  on  Progress  (Mr.  F.  E.  Cady,  CIminiiaii,  Mr.  T.  J.  Litle, 
Mr.  L.  B.  Marks,  Mr.  T.  W.  Rolph),  at  the  Ninth  Annual  Convention  of  the  Illuminating 
Engineering  Society,  held  in  Washington,  September  20th  to  23rd,  1915  ;  slightly  abbreviated. 

{Continued  from  Vol.  VII.,  1915,  p.  450.) 


The  Panama-Pacific  Exposition. 

In  its  use  of  light  the  Panama-Pacific 
Exposition  furnishes  the  most  striking 
example  of  the  progress  of  illuminating 
engineering  that  has  ever  been  presented. 
It  is  an  almost  complete  report  in  itself. 
For  the  first  time  in  the  history  of  such 
institutions  a  recognised  illuminating 
engineer  has  been  called  in  to  take  care 
of  that  branch  of  the  work.  For  the 
first  time  in  history  the  lighting  of  an 
International  Exposition  was  completely 
designed  and  chartered  before  the  build- 
ings were  erected,  and  the  results  bear 
eloquent  testimony  to  the  wisdom  of  that 
action.  The  latest  types  of  street  lighting 
both  gas  and  electric  are  represented  ; 
the  exteriors  of  the  buildings  are  brilliant 
with  "  flood  lighting  "  ;  the  lighting  of 
Festival  Hall  is  a  unique  exampl  of 
totally  indirect  lighting  ;  display  lighting 
is  exemplified  in  the  wonderful  scintillator 
system  and  in  the  Tower  of  Jewels ; 
efforts  to  avoid  glare  are  manifest  on  all 
sides ;  never  has  there  been  a  more 
lavish  use  of  coloured  light.  And  so  this 
exposition  stands  as  a  living  witness  to 
the  fact  that  illuminating  engineering 
has  "  come  into  its  own." 

No  attempt  will  be  made  to  discuss  all 
the  novelties  to  be  found  in  the  lighting 
effects  but  reference  will  be  made  to  some 
of  the  more  prominent  features  of  the 
illumination.  More  complete  descriptions 
will  be  found  by  reference  to  the  partial 
bibliography. 85  The  basic  idea  back  of 
the  general  illumination  of  the  buildings 
was  the  desire  to  present  the  exposition 
at  night  in  the  same  relative  values  of 
colour  and  perspective  in  which  it  is 
observed  by  day.     On  this  account  the 

85  Light.  Jour.,  Mar.,  1915.  p.  49. 
Elec.  World,  Feb.  13,  1915,  p.  391. 
Elec.  World,  May  29,  1915,  p.  1383. 


old  outline-system  of  illumination  in 
which  incandescent  electric  lamps  were 
used  to  outline  the  architectural  features 
of  the  buildings  was  abandoned  in  favour 
of  the  new  flood-lighting  idea  and  par- 
ticular attention  has  been  paid  to  the 
ocular  comfort  of  the  sightseer  while  at 
the  same  time  displaying  for  his  appre- 
ciation wonderful  effects  produced  by 
artificial   light. 

Four  principal  methods  of  illumination 
are  employed.  Opposite  the  walls  of  the 
exhibit  palaces  are  luminous  art  standards 
bearing  transparent  shields,  through 
which  light  is  thrown  on  to  the  fascades. 
A  second  method  of  illumination  is  found 
in  the  concealed  batteries  of  searchlight 
projectors  which  are  used  to  flood  the 
monumental  sculptures,  towers  and 
minarets  so  that  the  minutest  architec- 
tural details  are  visible.  A  third  source 
of  lighting  is  that  of  the  concealed  light 
which  proceeds  from  the  inner  recesses  of 
the  columns  which  encircle  the  courts  or 
are  placed  on  the  lofty  Tower  of  Jewels 
and  the  Italian  Towers  commanding  the 
entrance  to  the  Court  of  Palms  and  the 
Court  of  Flowers.  This  method  of  light- 
ing is  also  used  in  the  vaults  of  archways 
and  in  other  situations  where  it  is  desired 
to  cast  light  upon  the  mural  paintings. 
The  great  battery  of  48  searchlight  pro- 
jectors each  with  a  36-in.  (91.44  cm.)  lens 
forming  the  "  scintillator "  makes  a 
fourth  source  of  illumination. "^ 

In  addition  to  these  four  jirincipal 
sources  of  lighting  there  are  several  minor 
sources.  In  various  parts  of  the  grounds 
are  globes  of  white  glass  the  light  from 
which,  at  night,  dissipates  the  shadows 
under  the  foliage.  In  the  great  central 
Court  of  the  Universe  two  lofty  columns 
of  dense  white  glass  are  parts  of  the  two 

se  Set.  Amer.,  Apr.  24,  1915,  p.  378. 
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fountains  and  are  the  principal  source  of 
the  night  illumination  of  the  Court. 

The  striking  effect  of  the  Tower  of 
Jewels  was  obtained  through  the  use  of 
specially  designed^"  jewels  cut  from  glass 
obtained  in  Bohemia  and  having  an 
index  of  refraction  of  from  1.68  to  1.71. 
Each  gem  is  suspended  so  as  to  be  free 
to  swing  with  air  currents  and  has  a  little 
mirror  placed  within  one-sixteenth  of  an 
inch  of  the  apex,  thereby  increasing  the 
number  of  spectra  obtainable. 

A  noteworthy  feature  of  the  highway 
lighting  is  the  use  of  18  to  24-in.  (60.96 
cm.)  globes  carrying  glassware  of  an 
absorption  of  ajiproximately  50  per  cent, 
and  of  a  warm  opal  tint  approaching 
amber.  The  illumination  of  the  interiors 
of  the  buildings  is  accomplished  by  the 
use  of  250  and  500-watt  tungsten  lamps 
in  specially  designed  mirror  reflectors. 
The  lamps  are  located  from  40  to  100  ft. 
(12.19  to  30.48  m.)  above  the  floor,  the 
energy  is  less  than  2  watts  per  square  foot 
(9.29  sq.  dm.)  and  the  foot-candles  range 
from  I  to  I  on  the  floor. 

The  first  commercial  installation  of 
high  pressure  gas  lighting  in  this  country^* 
and  one  which  is  said  to  show  many 
improvements  over  foreign  practice  is  to 
be  found  in  the  State  and  Foreign 
Building  Section.  The  main  artery  for 
traffic  is  the  Avenue  of  Nations  and  this 
and  other  streets  and  avenues  in  this 
section  are  lighted  by  high  pressure  two- 
mantle  lamps  enclosed  in  opal  globes 
mounted  single  on  the  top  of  ornamental 
staff  work  columns.  The  lamps  consume 
21  cu.  ft.  (5.94  m.3)  of  gas  per  hour, 
operate  at  3  pounds  (1.36  kg.)  pressure, 
reduced  at  the  standard  from  30  pounds, 
and  have  a  mean  spherical  candlepower 
of  408. 

Installations  of  the  same  lamps  have 
been  made  at  all  the  entrances  and  exits 
of  the  grounds.  At  the  entrances  and 
exits  of  the  main  group  of  exhibition 
palaces  and  at  the  entrances  of  the 
courts,  lamps  of  the  low  pressure  type 
are  used,  mounted  on  brackets.  In  the 
"  Zone  "  gas  standards  35  ft.  (10.66  m.) 
high  are  placed  at  intervals  of  100  ft. 
(30.48  m.)  on  both  sides.  There  are  72  of 
these  standards  each  carrying  5-mantle 

87  N.  E.  L.  A.  Bui,  Apr.,  1915,  p.  250. 

88  Amer. Gas  Light.  Jour.,'isov.  30, 1914,  p.  349. 
Jour,  of  Gas  Light.,  July  6,  1915,  p.  17. 


lamps  with  mercury  valve  distance  con- 
trol. Large  decorative  lanterns  are  hung 
about  these  lamps.  Decorative  effectss^ 
are  obtained  by  the  use  of  gas  to  produce 
tongues  of  flame  from  serpent-headed  urns. 

Some  very  spectacular  effects  are 
obtained^"  in  the  lighting  of  the  glass 
dome  of  the  Palace  of  Horticulture. 
These  eft'ects  are  made  possible  by  the  use 
of  sets  of  specially  designed  lens  plates, 
colour  screens  and  high-powered  search- 
lights. The  system  used  in  lighting  the 
interior  of  Festival  Hall  is  a  separate  and 
distinct  type  of  interior  lighting  which  is 
unique.  In  a  pit  beneath  the  centre  of 
the  floor  are  placed  a  number  of  search- 
lights which  are  set  to  throw  their  beams 
upward  into  a  diffusing  disk  of  thick 
glass  sand-blasted  on  the  under  side, 
which  distributes  the  light  over  the  dome 
covering  the  auditorium  and  the  dome 
in  turn  acts  as  a  diffusing  reflector. 

The  most  bizarre  and  spectacular 
phenomena  are  produced  by  the  "  scintal- 
lator,"  over  3(X)  effects  having  been 
worked  out. 

At  the  San  Diego  Exposition^!  neither 
the  "  flood-lighting  "  nor  the  "  outline  " 
system  of  illumination  is  used,  but 
ordinary  street  lighting  supplemented  by 
light  from  the  arches  of  the  arcades. 
This  has  been  found  very  satisfactory. 

89  Gas  Inst.  Netvs,  Aug.,  1915,  p.  343. 

90  Elec.  Rev.  and  W.  E.,  June  5,  1915,  p.  1032. 
Sci.  Amer.,  Feb.  20, 1915,  p.  180. 

[To  he  continued.) 


SUBMARINE   SEARCHLIGHTS. 

A  recent  issue  of  Pojndar  Mechanics 
contains  several  articles  describing  special 
applications  for  searchlights  during  the 
war. 

The  first  of  these  describes  a  method, 
developed  by  an  American,  to  locate 
submerged  mines.  A  powerfid  enclosed 
searchlight  is  mounted  under  water  to 
one  side  of  the  vessel  and  near  the  bow. 
Slightly  above  the  searchlight  there  is 
a  periscope  mirror  arrangement,  enclosed 
in  a  tube  coming  up  to  the  deck,  through 
which,  it  is  claimed,  the  observer  can 
see  any  object  illuminated  by  the 
searchlight  beam  at  a  distance  as  great 
as  2,000  feet, 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

-■  •  •  •  •  »- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


BRITISH-MADE    GLASSWARE. 

dlspi.av    at    the    british    industries 
Fair,  South  Kensington. 

At  the  British  Industries  Fair,  held  at 
the  Victoria  and  Albert  Museum,  South 
Kensington,  from  February  21st — 
March  3rd,  the  exhibits  included  an 
interesting  display  of  British-made  glass- 
ware and  pottery.  Much  of  this  was  of 
an  ornamental  type  of  table  use,  cut- 
glass  vessels  being  a  specially  well- 
represented  section. 

We  were,  however,  also  interested  to 
notice  the  number  of  firms  that  are  now 
supplying  British-made  glassware  for 
lighting,  as  well  as  special  glass  vessels 
for  scientific  and  chemical  work.  Among 
the  suppliers  of  laboratory  glass  we  note 
the  names  of  the  Edinburgh  and  Leith 
Flint  Glass  Co.,  Messrs.  Molineaux, 
Webb  &  Co.,  Ltd.  (Ancoats,  Manchester) 
and  John  Moncrieff,  Ltd.  (Perth),  while 
the  section  on  lighting  glass  included 
exhibits  from  the  following : — Messrs. 
A.  M.  Allan  &  Co.  (Glasgow),  Messrs. 
Burtles,  Tate  &  Co.  (Manchester), 
Messrs.  A.  &  J.  Davies,  Ltd.  (Stour- 
bridge), the  Edinburgh  and  Leith  Flint 
Glass  Co.  (Edinburgh),  "  Glass  Sundries  " 
(London),  Messrs.  Greener  &  Co.  (Sunder- 
land), Messrs.  Molineaux,  Webb  &  Co., 
Ltd.  (Ancoats,  Manchester),  and  the  New 
English  Glass  Manufacturers,  Ltd. 
(Tipton). 

The  show  of  lighting  glass  was  not  very 
extensive  in  comparison  \\ith  the  largo 
space  devoted  to  domestic  and  tabl(> 
ware,  but  we  were  glad  to  notice  several 
examples  of  special  fancy  shades,  the 
manufacture  of  which  had  only  been 
undertaken  since  the  war.  Another 
section  of  some  interest  was  the  manu- 
facture of  pavement  lights  and  [Ji-ismatic 
glassware  for  the  direction  of  dayliglit 
in  confined  areas. 


"  LAMLOK  "    SPECIALITIES. 

The  Edison  and  Swan  United  Electric 
Light  Co.,  Ltd.,  send  us  particulars  of 
the  "  Lamlok  "  lamjj  locking  lamp- 
holder.  This  holder  can  only  be  un- 
locked by  the  proper  key,  and  thus  gives 
the  person  in  authority  the  complete 
control  over  all  lamps  on  his  circuit. 

Such  holders  are  of  considerable 
iitility  in  large  installations  in  preventing 
unauthorised  removal  of  lamps  or  sub- 
stitution for  existing  lamps  of  others 
of  an  incorrect  candlepower. 

We  have  also  to  acknowledge  the 
receipt  of  the  latest  show-card  of  the 
ComjJany,  bearing  a  cardboard  repre- 
sentation of  a  man's  arm  carrying  a 
Royal  Ediswan  lamjD  at  arm's  length. 


ROBERTSON    LAMPS. 

A  recent  list  of  Robertson  lamps 
contains  particulars  of  many  miniature 
and  special  patterns,  candle  lamps,  &c. 
We  notice  particularly  the  tubular  heat- 
ing lamjis  having  a  special  doubled  and 
centrally  supported  filament,  designed 
to  secure  even  distribution  of  heat  all 
over  the  bulb  and  therefore  satisfactory 
life. 

The  leaflet  also  contains  a  view  of  the 
Glass  Works,  Lemington-on-Tyn(>,  and 
various  views  of  lamp-making  operations 
at  tlw  Osram-Rohertson  Lamp  Works. 


"OSRAM"    RELIABILITY. 

The  General  Electric  Co.,  of  China,  Ltd., 
Shanghai,  report  that  they  ha\e  for  the 
sixth  time  been  successful  in  securing 
the  yearly  contract  for  the  supply  of 
Osram  "^Fraction  type  lamps  to  the 
Shangliai  Tramways.  This  contract  was 
seciu-ed  in  face  of  competition  from  the 
suppliers  of  many  other  makes  of  lamps. 
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HOLOPHANE    ELECTRIC    LIGHT 
FITTINGS. 

At  the  present  time  the  manufacture 
of  glassware  for  the  lighting  industry  is 
receiving  a  considerable  amount  of  atten- 
tion in  this  country.  On  the  outbreak 
of  war  it  became  apparent  that  we  were 
dependent  to  a  great  extent  on  supplies 
from  'abroad.  It  is  therefore  gratifying 
to  note  that  Holophane  glassware,  even 
liefore  the  war,  was  manufactured  in  this 
country,  and  we  luiderstand  that  since 
the  war  there  has  naturalh'  been  great 
activity  with  this  work,  some  important 
new  varieties — notabh'  the  metal-pro- 
tected industrial  units — being  introduced. 

However,  the  svipply  of  suitable  fixtures 
for  such  glassware  is  also  important,  and 
we  have  before  us  a  recently  issued 
catalogvie  of  Holophane  Fittings  Mhich 
deserves  attention.  The  catalogue  is  ex- 
cellently illustrated  and  contains  a  number 
of  pleasing  examples  of  fittings  in  various 
styles.  Holophane  glassware  lends  itself 
particularly  well  to  use  with  somewhat 
massive  fittings  of  an  imposing  type,  and 
the  bowl  form  is  specially  well  adapted  to 
ceiling  imits.  The  example  shown  on  the 
opposite  page  illustrates  a  type  in  which 
the  central  bowl  is  combined  with  a  series 
of  pendant  reflectors — a  striking  form  of 
unit  that  deserves  to  be  widely  known. 
Presumably  by  a  combination  of  this  kind 
one  could  get  effects  as  regards  distribu- 
tion of  light  that  might  not  otherwise  be 
easily  obtained.  Another  illustration 
shows  a  typical  hanging  imit  of  the 
Excellite  type  for  use  with  half-watt 
lamps,  while  the  two-lamp  bracket  fitting 
shown  in  Fig.  3  is  a  pleasing  form  of 
unit  for  general  lighting. 

We  may  also  mention  the  series  of 
semi -indirect  fittings  for  dining-room 
lighting.  Amongst  these  we  notice  a  type 
in  which  the  semi-indirect  iinit  is  com- 
bined with  pendant  reflectors,  thus  giving 
at  the  same  time  a  good  general  illumin- 
ation and  the  requisite  local  lighting  over 


i<'iG.  1. — Holophane  Excellite  Pendant  for 
Half-watt  Lamps. 

the  table.  This  seems  a  good  way  of 
meeting  the  special  requirements  of  a 
large  dining-room. 

The  semi-indirect  bowl  is  in  itself  a 
pleasing  object.  But  for  those  who 
admire  illuminated  silk  shades  it  is  worth 
noting  that  this  unit  can  conveniently  be 
screened  by  a  silk  canopy  below.  In  this 
way  the  decorative  effect  of  the  silk  is 
obtained  and  at  the  same  time,  owing  to 
the  fact  that  a  great  percentage  of  the 
light  is  reflected  upwards,  the  loss  of  light 
is  relatively  small. 
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P'iG.  2. — Holopliane  combined  16-inch  stiletto  bowl  ceiling  fitting  with  six  reflectors. 


Fig.  3. — Two-light  bracket  with  Holophane  globes. 

Typical  Holophane   Electric  Light  Fittings  for  Interior  Lighting. 
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INFORMATION    ON     INDUSTRIAL 
LIGHTING. 

In  view  of  the  special  attention  given 
to  this  subject  in  our  last  issue,  readers 
may  be  interested  to  refer  to  the  special 
section  which  forms  a  feature  of  the 
Electrical  Engineer's  Diary  (S.  Davis  and 
Co.,  St.  S\Tithins  Lane,  E.G.)  for  1916, 
which  was  recently  noticed  in  these 
columns. 

Several  of  the  aspects  of  factory  lighting 
touched  upon  in  our  last  number  are  fully 
treated  in  this  special  section,  and  we 
would  draw  particvdar  attention  to  the 
tabulated  list  of  requirements  of  various 
trades.  Not  only  are  the  operations 
roughly  classified  as  regards  the  amoiuit 
of  illmnination  needed,  but  suggestions 
are  made  for  the  correct  spacing  of  lamps, 
the  choice  of  local  or  general  lighting,  &c. 
In  addition,  hints  are  given  as  to  the 
special  problems  to  be  met  as  regards 
discrimination  of  colour-values,  correct 
shadow  conditions,  maintenance  and 
cleaning.  This  last  point  Ls  an  exceedmgly 
important  one  in  many  industrial  instal- 
lations, and  it  Ls  worth  noting  that  the 
loss  of  light  occasioned  by  a  few  weeks' 
neglect  may  work  out  as  high  as  40  per 
cent.  The  money -value  of  the  loss  of 
illumination  is  frequently  considerable  in 
comi^arison  with  the  cost  of  periodical 
cleaning. 

GLARE    AND    THE    STUDENT  S    LIFE. 

A  recent  article  on  this  subject  hy 
Dr.  James  Kerr  in  School  Hygiene  draws 
attention  to  many  points  that  have  been 
studied  by  the  Illuminating  Engineering 
Societies  in  this  countrj^  and  in  the 
United  States.  Dr.  Kerr  points  out  how 
visual  acuity  is  readily  affected  by  the 
glare  from  unshaded  light  sources,  six 
distinct  phj'siological  effects  being  dis- 
tinguished. He  advocates  that  "no 
naked     filament,   mantle   or  flame   should 


be  permitted,  nor  any  source  of  light  with 
greater  intrinsic  hrilliancy  than  three 
candles  per  square  inch."' 

In  addition,  the  glare  from  higlily- 
glazed  and  polished  surfaces  is  apt  to  give 
trouble,  and  for  school-books  paper  with 
a  dull  surface  is  strongly  recommended. 
Dr.  Kerr  also  refers  to  the  need  for 
establishing  a  standard  of  glare  and 
mentions  the  instrument  devised  by  ]\Ir. 
A.  P.  Trotter  for  testing  the  qualities  of 
different  varieties  of  paper  in  this  respect. 

USE    OF    UNGLAZED    PAPER    FOR 
ILLUSTRATED    BOOKLETS. 

We  are  glad  to  notice  that  the  Edison 
Monthly  is  now  to  be  included  in  the  list 
of  joiomals  printed  on  mat  paper.  As 
usual  recent  numbers  of  the  Bulletin  are 
well  illustrated,  and  quite  good  effects 
are  obtained  from  half-tone  blocks. 


Established 
i88s. 


Established 
1885. 


By  Appointment. 


Accident   Fire  and   Life 

Assurance  Corporation,  Limited 

Assets  Exceed      -    £2,500,000. 
Claims  Paid  Over    £7,000,000. 

SPECIAL    FEATURES: 

ACCIDENT  INSURANCE 

Liberal  Benefits  and  Conditions. 
Low  Premiums. 

FREE    FIRE     INSURANCE 

HvERY  Sixth  Year    to    Privati    Property 
Owners  and  Householders. 

THREE    POPULAR   POLICIES 

Of   Life  Assurance,  with  Various  Options 


All  Classes  of  Insorance  Easiness  Transacted 


CHIEF   OFFICES: 

General   Buildings,   Perth,  Scotland. 

General  Buildings,  Aldwych,  London. 

General  Manager     -     F.  Norie-Millkr,  J. P. 

Note. — The    Bonds    of   the   Corporation   are 

accepted      by     all     Departments     of 

His   Majesty's  Government. 
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COUPON    INSURANCE    TICKET 

Applicable  only  within  the  United  Kingdom. 

GENERAL 

ACCIDENT    FIRE    AND    LIFE 

ASSURANCB     CORPORATION,     LTD., 

Chief  Offices— 

GENERAL   BUILLINQS,    PERTH,  SCOTLAND. 

GENERAL  BUILDINGS,  ALDWYCH,  LONDON,  W.C. 

F.   NORIE-MILLER,  J. P.,  General  Manager, 

To  whom  Notice  of  Claims  under  the  following  conditions  must  be  sent  within 
seven  days  of  accident. 
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TWO  HUNDRED  AND  FIFTY  POUNDS  will  be  paid  by  the  above  Corporation  to 
the  legal  personal  representatives  of  any  person  who  is  killed  by  an  accident  causing 
material  damage  to  the  passenger  train  in  which  the  deceased  was  travelling  as  a  ticket 
bearing  or  paying  passenger,  or  who  shall  have  been  fatally  injured  thereby,  should  death  result 
within  one  calendar  month  after  such  accident.  Provided  that  the  person  so  killed  or  injured 
had  upon  his  or  her  person,  or  had  left  at  home  this  coupon,  with  his  or  her  usual  signature, 
written  prior  to  the  accident,  in  the  space  provided  below,  which,  together  with  the  giving  of 
notice  within  seven  days  to  the  above  Corporation  is  the  essence  of  tliis  contract. 

This  Insurance  only  applies  to  persons  over  14  and  under  65  years  of  age,  is  subject  to  the 
conditions  stated  above  and  contained  in  the  General  Accident  Fire  and  Life  Assurance  Corpora- 
tion Act,  1907,  and  holds  good  for  the  current  month  of  issue  only. 

No  person  can  recover  under  more  than  one  Coupon  Ticket  in  respect  of  the  same  risk. 


Signature  

This  Coupon  must  not  be  cut  out,  but  left  intact  in  The  Illumi.vating   Engineer  as  that 
being  dated,  forms  the  only  evidence  of  its  currency. 
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A  LIGHT-SCREEN   FOR   USE   IN   WAR 
TIME. 

We  notice  that  a  new  form  of  screen 
for  use  with  lamps  in  war  time  has  been 
introduced  by  Messrs.  Falk,  Stadehiiann  & 
Co.,  Ltd.  This  "  Diffusa "  screen,  we 
understand,  consists  of  three  conical 
metal  rings  placed  one  above  the  other 
with  a  view  to  obstructing  the  jiassage 
of  light  upwards  in  the  manner  required 
by  the  present  circumstances  and  yet 
avoiding  the  production  of  bright  spots 
of  light  below.  The  screen  is  apphcable 
to  outside  lamps  in  streets,  yards,  &c. 
and  can  be  used  either  with  ujDright  or 
inverted  burners. 

BRITISH    COMMERCIAL    GAS 
ASSOCIATION. 

Fourth  Annual  Report. 

The  Foiirth  Annual  Report  of  the 
British  Commercial  Gas  Association  has 
recently  been  issued.  In  view  of  the 
short  time  that  the  Association  has  been 
established  its  activity  has  surely  been 
extraordinary,  and  its  work  furnishes 
one  of  the  most  remarkable  examples 
of  co-operative  effort  during  recent  years. 

It  is  stated  that  the  Association  now 
embraces  over  80  per  cent,  of  the  annual 
output  of  gas  in  the  British  Isles.  Since 
the  outbreak  of  war  an  enterprising  policy 
of  continuity  of  work  has  been  adopted, 
and  in  many  respects  this  work  has  been 
of  real  educational  value.  A  special 
instance  is  furnished  by  the  publicity 
given  to  the  Home  Office  Report  on 
Factory  Lighting,  the  oiDportunity  being 
taken  to  impress  on  all  and  sundry  the 
benefits  of  good  industrial  lighting.  As 
a   result   this   valuable   report   has   been 


made  known  to  many  people  who  would 
perhaps  not  otherwise  have  given  it 
attention,  and  a  stimulus  has  been  given 
to  the  study  of  lighting  in  many  factoi'ies 
which  are  working  overtime  on  Govern- 
ment contracts  and  where,  therefore, 
good  illumination  is  of  great  importance 
at  the  present  time 


ANOTHER    LARGE     GAS-LIGHTED 
BUILDING    IN    THE    UNITED    STATES. 

In  our  last  issue  we  mentioned  the 
Woolworth  Building  in  New  York,  as  a 
good  example  of  a  large  interior  lighted 
by  gas  on  up-to-date  lines. 

We  notice  in  The  Gas  Age  for  February 
1 5th  an  interesting  account  of  the  lighting 
of  the  New  Offices  of  the  Consolidated 
Gas  Co.  (also  in  New  York),  which  is 
interested  both  in  gas  and  electric  lighting. 
The  illumination  of  the  building  is 
illustrative  of  this  dual  interest.  The 
exterior  is  lighted  lavislily  by  studded 
electric  incandescent  lamps,  while  the 
chief  offices  inside  are  illuminated  with 
gas  semi-indirect  imits,  the  fittings  being 
of  a  massive  and  highly  decorative 
character.  Sixteen -inch  and  24 -inch 
bowls  are  largely  employed,  the  latter 
containing  two  5-mantle  horizontal 
bm-ners.  The  overall  length  of  the 
fixture  is  5  ft.  5  in.,  and  the  diffusing 
glass  is  selected  to  give  a  soft  amber 
effect. 

Another  interesting  point  is  the  control 
of  these  gas  units  by  electric  ignition, 
the  cock  being  opened  and  shut  by  an 
electro-magnetic  apparatus  and  the  gas 
ignited  by  a  heated  wire. 
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EDITORIAL. 


Illuminating  Glassware. 

The  properties  of  glass,  in  the  form  of  globes,  shades  and  reflectors^ 
window  panes,  lenses  and  mirrors,  absorbing  screens  and  colonred  media,  ivc.^ 
fall  natuially  within  the  scope  of  the  Illuminating  ]i!ngineering  Society, 
and  the  discussion  on  the  subject  at  the  last  meeting  of  tlie  Society  on  March 
21st  brought  out  many  interesting  points. 

Since  the  outbreak  of  war  we  have  come  to  recognise  the  dependence 
of  this  country  on  foreign  manufacture  for  manv  essential  glass  articles 
especially  those  required  for  chemical  and  optical  work.  There  lia\e 
been  similar  difficulties  in  regard  to  illuminating  glassware,  such  as  the  lack 
of  satisfactory  heat-resisting  glass  for  globes  and  chimneys  used  with 
incandescent  gas  and  oil  lam])s,  electric  arc  lamps  and  other  high   uin- 
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perature  sources.  Some  manufacturers  have  made  considerable  progress 
towards  the  supply  of  such  articles  but  the  difficulties,  partly  industrial 
and  economic  and  partly  scientific,  must  not  be  underrated,  and  it  is  evident 
that  if  the  lost  ground  is  to  be  regained  a  very  complete  study  of  the  whole 
industry  \\  ill  have  to  be  made. 

While  a  detailed  study  of  the  industrial  aspects  of  the  problem  hardly 
fall  within  our  scope  it  is  needful  to  remember  that  these  considerations 
modify  to  a  great  extent  many  conclusions  that  might  be  reached  on  purely 
scientific  grounds.  Experience  shows  that  in  most  sections  of  the  glass 
industry  there  is  no  great  difficulty  in  securing  the  proper  materials.  There 
is  doubtless  room  for  study  of  the  correct  composition  of  glass  for  various 
purposes  and  here  the  chemist  can  do  excellent  work.  But  when  formulae 
have  been  obtained  there  remains  the  question  of  the  practical  working 
of  the  material  and  here  the  human  element  plays  an  essential  part.  WTiile 
in  some  branches  of  glass  manufacture  proper  appliances  and  machinery 
are  the  chief  necessity,  in  others  the  skill  of  the  individual  operator  is  the 
determining  element.  In  attacking  new  sections  of  the  glass  trade,  therefore, 
the  need  of  a  supply  of  trained  men  for  the  time  being  imposes  a 
limitation.  It  is  also  recognised  that  in  most  cases  the  cost  of  labour 
forms  a  very  substantial  part  of  the  total  cost  of  production ; 
cheapness  can  therefore  only  be  attained  by  producing  on  a  large  scale 
and  the  manufacturer  is  dependent  to  a  very  great  extent  on  the  expertness 
and  goodwill  of  the  operator. 

A  great  deal  has  been  said  regarding  the  limitation  of  output  and 
other  labour  difficulties.  WTiile  there  has  doubtless  been  misguided  action 
in  this  respect  it  is  necessary  to  bear  in  mind  the  exacting  nature  of  the 
work.  The  unsatisfactory^  conditions  in  some  glassworks  can  onh^  be 
remedied  by  a  sympathetic  consideration  of  the  matter  from  the  worker's 
standpoint  and  by  educational  measures  which  will  both  raise  the  skill  of 
the  worker  to  a  higher  level  and  enable  him  to  get  a  clearer  grasp  of  the 
factors  f»n  which  the  prosperity  both  of  master  and  man  ultimately 
depends. 

We  have  touched  upon  the  above  matters  in  order  to  show  that  the 
regeneration  of  the  glass  industry  is  not  a  matter  of  scientific  research 
alone,  but  of  co-operative  effort  on  the  part  of  scientists  and  those  actually 
engaged  in  the  industry.  The  need  for  scientific  method  and  research  is, 
however,  geneially  acknowledged  and  the  discussion  at  the  last  meeting 
of  the  Illuminating  Engineering  Society  on  "  Some  Aspects  of  the  Design 
and  Use  of  Glassware  in  relation  to  Natural  and  Artificial  Illumination," 
was  very  timely.  The  Society  was  privileged  to  hear  the  views  of  two 
members  of  the  Glass  Research  Com.mittee  of  the  Institution  of  Chemistry. 
This  Committee  has  already  done  most  useful  work  in  determining  the 
composition  of  various  kinds  of  glass  required  in  chemical,  laboratory, 
and  other  special  work  and  there  appear  to  be  opportunities  for  useful 
work  in  the  extension  of  these  researches  to  include  certain  varieties  of 
illuminating  glassware. 
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There  are  many  varieties  of  glass  needed  in  the  hghting  industry  which 
deseive  further  study  such  as  heat-resisting  glassware  for  globes,  chimneys, 
&c.,  diffusing  white  glass  for  globes,  shades  and  reflectors,  and  screens 
of  standard  absorbing  power  or  of  special  colour  such  as  are  required  for 
scientific  work.  The  study  of  this  question  involves  the  devising  of  tests 
and  definitions  which  will  prescribe,  with  reasonable  latitude,  what  the 
illuminating  engineer  requires  ;  and  the  examination,  with  the  co-operation 
of  manufacturers,  of  our  existing  facilities  for  the  production  of  such  glass- 
ware. 

Another  point,  of  great  importance  from  the  manufacturer's  stand- 
point, is  the  possibility  of  effecting  greater  uniformity  in  commonly  used 
glass  articles.  All  must  agree  as  to  the  desirability  of  avv^iding  forms 
of  standardisation  which  would  tend  to  restrict  progress,  or  set  bounds 
to  the  elasticity  of  design  required  to  meet  individual  tastes.  But 
there  appear  to  be  many  kinds  of  wideh^  used  articles,  such  as  plain  globes, 
electric  lamp-bulbs,  &c.,  where  the  immense  variations  in  the  nature 
and  dimensions  appear  to  arise  from  caprice  and  the  lack  of  effect i\'e  co- 
operation rather  than  anj'  condition  in  the  industry.  In  such  cases  agree- 
ment on  tentative  uniform  standards  might  be  very  beneficial  both  to  users 
and  manufacturers  and  proposals  to  this  effect  would  doubtless  be  sym- 
pathetically considered  by  the  large  gas  and  electric  supply  companies, 
Government  departments,  and  municipalities. 

Regarded  as  a  whole  the  glass  industr}^  certainh'  offers  a  field  for  useful 
inquir}'.  We  do  not  underrate  the  difficulties  of  embarking  upon  new 
methods  of  manufacture  and  changing  old  established  usage,  but  the  present 
is  surely  the  right  time  to  take  stock  of  the  situation  and  see  where  we  stand. 
On  investigation  it  would  probably  be  found  that  some  kinds  of  glass  are 
manufactured  abroad  for  reasons  which  make  it  impracticable  to  do  the 
same  kind  of  work  in  this  country.  In  other  cases  it  might  be  found  that 
existing  difficulties  could  be  overcome  in  course  of  time  and  with  favoiuable 
results  for  the  future.  In  other  c-ases,  again,  it  might  be  shown  that  although 
the  prospect  of  making  glass  on  a  large  scale  was  not  ver}"  hopeful,  yet  the 
jxarticular  varieties  under  consideration  were  so  essential  in  ihe  national 
interest  that  it  would  be  well  worth  while  to  establish  a  source  of  sup]-»]y 
which  could  alwavs  be  relied  upon  in  time  of  need.  ]\Iany  of  tJie 
varieties  of  optical  glass,  which  have  been  so  difficult  to  obtain  since  the 
outbreak  of  war,  would  fall  within  this  category'. 

One  thing  at  least  seems  to  be  well  established — that  the  scientific  study 
of  the  properties  of  glass  has  not  received  the  attention  that  it  deserves 
in  this  country,  and  it  was  this  consideration  whicli  doubt  K'ss  led  Dr. 
Cilazebrook,  when  presiding  at  a  recent  meeting  at  tlie  Royal  Soeiet\-  of 
Arts,  to  urge  the  necessity  of  establishing  in  Londou  a  central  0])li(;il 
Institute  for  the  prosecution  of  such  researches. 

It  has  been  agreed  that  the  Illuminating  Engineering  Society  shall 
appoint  a  Committee  to  consider  the  various  problems  raised  in  this  dis- 
cussion. The  Committe<^  will,  W(^  hop<%  be  instrumental  in  bringing  about 
co-operation  in  connection  with  this  neglected  subject  (tf  ilhuninating 
glassware  nnd  in  initiating  souk^  useful  res(>arches. 
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Co-operation  in  Scientific  Research. 

In  our  last  number  we  discussed  the  promotion  of  unity  of  effort  on 
tlie  part  of  the  various  bodies  now  engaged  in  studying  the  organisation  of 
scientific  and  industrial  research.  This  question  was  brought  up  at  a 
recent  meeting  called  by  the  Ro3^al  Societ3%  at  which  many  influential 
scientific  and  technical  societies  were  represented.  A  Resolution  was  passed 
unanimously  advocating  the  formation  of  a  Conjoint  Board  of  Scientific 
Societies  with  a  view  to  promoting  the  co-operation  of  those  interested  in 
pure  or  applied  science.  It  ma}'  be  hoped  that  in  due  course  the  assistance 
of  all  the  scientific  and  technical  societies  throughout  the  country  will  be 
secured,  so  that  any  question  that  arises  may  be  allocated  to  the  body 
which  has  made  a  special  study  of  the  subject  to  be  considered. 

There  can  be  do  doubt  that  some  form  of  central  organisation  is  needed. 
In  many  cases  valuable  work,  deserving  of  being  much  more  widely  known, 
is  being  caiTied  on  ;  \'et  such  work  ma}'  pass  almost  unnoticed  outside  the 
transactions  of  the  Society  concerned.  The  same  applies  to  many  Colleges 
and  Institutions  now  engaged  in  Research  work,  and  we  noti(  e  that  a  letter 
on  this  subject  has  been  contributed  by  Dr.  A.  E.  Kennelly,  oi  the  Massa- 
chusetts Institute  of  Technolog}',  to  the  Journal  of  the  Franklin  Institute 
(U.S.A.).  Dr.  Kennelly  points  out  that  there  are  many  laboratories  in  the 
States  working  on  independent  lines,  each,  as  a  rule,  conducting  researches 
as  though  it  were  the  only  laborator\'  in  the  country,  and  therefore  unaware  of 
researches  of  a  similar  character  that  may  be  going  on  simultaneously  at 
other  Institutions.  It  would  clearly  be  a  gain  if  such  laboratories  could  be 
co-ordinated  without  interfering  with  their  individual  initiative,  and  it  is 
suggested  that  the  Franklin  Institute  might  take  the  lead  in  bringing  about 
unity  of  effort.  The  Institute  might,  for  example,  give  fuller  publicity  to  the 
researches  now  being  conducted,  suggest  subjects  of  research,  offer 
grants  to  the  laboratories  best  suited  for  them,  invite  suggestions  from 
mdustries,  and  encourage  mutual  understanding  between  the  laboratories. 

In  this  country  a  similar  state  of  affairs  exists  and  it  would  be  very 
helpful  if  some  body  could  act  in  the  wa\'  suggested  above. 

The  question  of  organising  suitable  publicity  for  such  researches  should 
be  studied  by  a  central  bod}-  in  a  position  to  determine  when  the  results 
of  research  can  be  given  freel\-  to  the  public,  and  when  their  military  or 
naval  bearing,  or  their  peculiar  industrial  value  renders  it  necessary  either 
to  withhold  such  information  or  to  present  it  in  a  very  general  form. 

In  any  case  it  is  clearl}'  desirable  that  the  existence  of  all  such  experi- 
ments should  be  recorded,  in  order  to  furnish  a  central  source  of  informa- 
tion to  which  those  who  are  entitled  to  receive  details  can  gain  access. 

In  cases  where  full  publicit}'  is  desirable  the  co-operation  of  the 
scientific  and  technical  press  should  be  freely  sought.  Its  value  in  this 
connection  was  pointed  out  in  our  last  number  when  we  referred  to  the 
discussion  at  the  last  meeting  of  the  Circle  of  Scientific  and  Technical 
Journalists  on  Marcli  14th,  and  it  would  clearly  have  a  salutary  influence 
if  the  various  schemes  for  organising  scientific  research  could  be  fully  dis- 
cussed b\-  that  bod\-.  The  efforts  being  made  in  this  direction  by  various 
associations  should  kad  to  useful  results  but  it  is  most  desirable  that  their 
aims  should  be  widely  known  and  discussed  in  order  that  any  tendency  to 
conflictin.q  action  and  o\'erlapping  of  (effort  ma\'  be  ncognised  and  avoided 
at  an  t'arly  stage. 

Leon  G aster. 
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ZTbe  Jlluminatlna  jEngincering  Society* 

(Pounded  in  London,  1909.) 

The  Illuminating  ^Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


SOME  ASPECTS  OF  THE  DESIGN  AND  USE  OF  GLASSWARE 

IN  RELATION  TO  NATURAL  AND  ARTIFICIAL 

ILLUMINATION. 


Proceedings  at  a  meeting  of  the  Society  held  at  the  House  of  the  Royal  Society  of  Arts,  Londoii, 
at  5  p.m.,  on  Tuesday,  March  21st,  1916. 


A  Meeting  of  the  Society  took  place  as 
stated  above,  on  Tuesday,  March  21st, 
Mr.  F.  W.  GooDENOUGH  being  in  the 
Chair. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read  the  names  of  the 
following  new  applicants  for  membership 
were  announced  : — 


Mr.  J.  S.  Dow,  Mr.  0.  P.  Macfarlaxe, 
Mr.  L.  Gaster,  Mr.  W.  M.  Mason,  Mr. 
R.  W.  Hood,  Mr.  G.  Campbell,  Mr.  E. 
Barton,  and  Mr.  G.  Herbert  took  part. 
Written  communications  from  Mr. 
W.  C.  Clinton,  Messrs.  Stevens  & 
Williams,  Alderman  R.  Burtles  and 
Mr.  Ed.  Dobbins  were  also  presented  by 


Dobbins,  Ed. 
Lancaster,  E.  W. 


The   Maximum    Co.,    Ltd.,    28    Victoria    Street, 
London,  W. 

Holophane    Ltd.,     12,    Carteret    Stroet,     Queen 
Anne's  Gate,  London. 


The  Chairman  then  called  upon  Mr. 
S.  B.  Langlands  to  read  his  paper, 
entitled,  "  Some  Aspects  of  the  Design 
and  Use  of  Glassware  in  Relation  to 
Natural  and  Artificial  Illumination,"  and 
an  interesting  discussion  took  place,  in 
which  Mr.  Bertram  Blunt,  F.I.C,  and 
Mr.  W.  C.  Hancock,  F.LC.  (members  of 
the  Glass  Research  Committee  of  the 
Institute  of  Chemistry),  Mr.  E.  Stroid, 
Mr.  A.  P.  Trotter,  Dr.  M.  W.  Travers, 


the  Asst.  Hon.  Secretary. 

Mr.  S.  B.  Langlands  briefly  replied, 
and  a  vote  of  thanks  to  the  Author 
concluded  the  proceedings. 

In  conclusion,  the  CirAiRMAX  an- 
nounced that  the  Annual  Meeting  would 
take  place  at  5  p.m.,  on  Tuesday,  May  9th. 
After  the  conclusion  of  formal  business 
there  would  be  a  discussion  on  the 
Report  to  be  presented  by  the  Research 
Committee  of  the  Society. 
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SOME    ASPECTS    OF    THE    DESIGN    AND    USE    OF 

GLASS    WARE    IN    RELATION    TO    NATURAL    AND 

ARTIFICIAL    ILLUMINATION. 


By  S.  B.  Langlands  (Inspector  of  Ligliting  to  the  Corporation  of  Glasgow). 

(Introduction  to  a  Discussion  at  a  Meeting  of  the  Illuminating  Engineering  Society  held  at  the 
House  of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.,  at  5  p.m.,  on 
Tuesday,  March  21st,  1916.) 


My  object  in  these  introductory  remarks 
is  to  show  the  wide  scope  for  study  in 
relation  to  glassware  for  illuminating 
purposes,  and  to  discuss  a  few  of  the 
problems  that  come  within  the  scope  of 
the  Illuminatmg  Engineering  Society. 
At  the  present  stage  it  is  hardly  possible 
to  give  much  definite  information 
as  to" what  is  being  done.  In  the  past, 
as  is  well  known,  we  have  been  dependent 
to  a  very  large  extent  on  imported  glass- 
ware. With  the  outbreak  of  war  we 
came  to  realise  more  fully  our  dependent 
position,  and  steps  are  already  being 
taken  to  improve  our  facilities  in  this 
respect.  We  are  thus  in  a  transition 
position.  What  I  would  like  especially 
to  bring  home  is  that  glass  manufacture 
is  essentially  an  industry  which  demands 
scientific  treatment,  and  that  the  prob- 
lems involved  can  only  be  effectually 
solved  by  co-operation  between  those 
interested  in  all  the  various  uses  of  glass- 
ware for  lighting. 

1  do  not  propose  to  enter  deeply  into 
the  wider  industrial  problems,  such  as 
the  attitude  of  the  Trades  Unions,  the 
protecti(m  of  home  industries,  &c.,  which 
are  acutely  illustrated  m  the  glass 
industry.  For  the  moment  our  duty  is 
to  study  the  scientific  and  technical 
aspects. 

Being  a  material  for  the  direction  of 
rays  of  light,  glass  is  naturally  of  interest 
to  illuminating  engineers  who  are  con- 
cerned with  the  practical  applications  of 
light.  Some  of  the  members  of  the 
Society  are  interested  in  the  design  and 
use  of  optical  instruments,  and  most  of 
them  come  in  contact  with  optical 
])rol)lems  in  which  glass  plays  an  im- 
portant part.  Last  year  a  meetmg  of 
the  Society  was  devoted  to  the  discussion 
of  searchlights,   and  in   the  past  there 


have  been  discussions  of  globes  and 
reflectors  and  of  photometric  instruments 
in  which  lenses  and  mirrors  are  used. 
The  question  of  most  immediate  interest 
to  us,  however,  is  the  use  of  glass  in 
natural  and  artificial  lighting. 

For  natural  illumination  the  manu- 
facture of  prismatic  glass  for  distributing 
the  light  in  more  or  less  obstructed 
interiors  is  of  interest ;  even  the  manu- 
facture of  ordinary  window  glass,  serving 
for  the  admission  of  daylight,  has  its 
problems.  For  artificial  lighting  we  have 
the  manufacture  of  electric  lamp-bulbs, 
chimneys  for  gas  and  oil  lamps,  and 
globes  and  reflectors  for  all  lUuminants. 

At  the  outbreak  of  war  there  were 
great  inconveniences  in  this  latter  branch, 
particularly  in  respect  of  the  so-called 
''  heat-resisting "  glassware.  Much  of 
the  glass  of  this  kind  was  made  at.  Jena, 
and  manufacturers  in  this  country  have 
already  undertaken  the  production  of 
glassware  for  use  with  high-pressure  and 
other  lamps,  in  which  a  considerable 
amount  of  heat  is  developed.  Glassware 
for  globes  and  chimneys  has  to  fulfil  a 
number  of  requirements.  It  must  bo 
(a)  suitable  transparent,  (b)  colourless, 
(c)  capable  of  withstanding  heat,  and 
(fZ)  must  be  durable  and  must  retain  its 
transparency  in  use. 

Some  years  ago  I  made  rigid  practical 
tests  of  different  varieties  of  glass  for 
a  certain  burner,  with  the  following 
results  : — 

(a)  a  German  glass.— First  for  dura- 

bility, but  bad  for  fogging. 

(b)  a  German  glass. — Second  for  dm-a- 

bility,    and     better     as    regards 

(c)  Jena   glass.—Third   for   durabihty 

but  no  fogging. 
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(d)  British  glass. — Fourth  for  dura- 
bility, unequal  in  composition  ; 
sometimes  fogged  and  sometimes 
did  not. 

(e)  American   glass. — Fifth    for   dura- 

bility. No  fogging. 
I  mention  this  test  because  it  showed 
a  weakness  in  the  British  glass,  lack  of 
uniformity  which  is  essentially  a  defect 
that  implies  want  of  scientific  super- 
vision. The  remarkable  success  of  the 
Jena  works,*  State-aided  in  their 
infancy,  is  doubtless  due  largely  to  the 
consistency  of  the  material  supplied,  the 
ability  to  manufacture  a  glass  with  given 
chemical  and  physical  properties  again 
and  again.  Fogging  is  ascribed  to  the 
presence  of  lead  in  the  glass.  Jena  glass 
contains  no  lead.  It  is  a  fact  that  since 
the  war  began  a  number  of  British  glass 
works  have  undertaken  the  manufacture 
oi  improved  glass  in  this  res])ect.  But 
if  this  progress  is  to  continue  it  is  essential 
that  the  qualities  and  composition  of 
glass  should  become  standardised  on 
scientific  lines,  thus  forming  a  ground- 
work on  which  we  can  build  for  the 
future. 

In  addition  to  the  question  of  standard- 
isation of  material,  there  seems  an  opening 
for  standardisation  in  regard  to  dimen- 
sions of  glass  implements. 

Those  who  have  had  to  do  with  the 
lighting  of  large  numbers  of  buildings 
know  how  inconvenient  and  unnecessary 
are  the  great  diversities  in  the  size  of 
lamp-bulbs,  chimneys,  globes,  &c.  As 
one  who  has  to  do  both  with  gas  and 
electric  lighting  on  a  large  scale — Glasgow 
is,  perhaps,  the  biggest  lighting  autho- 
rity in  the  Kingdom — I  have  often  been 
struck  by  this  fact,  and  I  would  suggest 
that  this  Society,  representing  so  many 
sections  of  the  lighting  industry^  is  in  a 
particularly  happy  ])osition  to  tackle  the 
])r()hlem.  Standardisation  in  this  resj)ect 
would  not  only  simplify  greatly  the 
nuinufacture  of  glassware  lor  lighting 
purposes,  but  would  also  prove  a  con- 
venience to  consumers.  If  ])ossiblo  the 
variety  of  sizes  of  glassware  should  be 
diminished,  and  a  definite  series  of  units 
in    ascending    units    agreed    u])on.     The 

*  I  woukl  rcfor  those  interested  to  the  work 
by  Hovostadt  on  "  Jena  Glass  :  Seientific  and 
Industrial  A))i)lication."  Translated  by  J.  D. 
and  A.  Everett. 


sizes  selected  for  globes  would  naturally 
depend  to  a  great  extent  on  the  candle- 
power  of  the  lamps  for  which  they  are 
intended.  In  the  case  of  globes  for 
softening  and  diminishing  the  light  the 
size  would  depend  on  the  limitation  of 
temperature  and  the  maintenance  of  the 
intrinsic  brilliancy  of  the  unit  within  a 
convenient  value.  Probably  it  would 
also  be  affected  by  aesthetic  considera- 
tions as  the  size  of  a  unit  should  pre- 
sumably bear  some  relation  to  the  size 
of  the  interior  in  which  it  is  used. 

Another  point  on  which  information 
would  be  of  interest  is  the  success  with 
which  makers  in  this  country  have  under- 
taken the  production  of  pressed  glass 
globes  in  the  larger  sizes.  I  understand 
that  the  Holophane  prismatic  glassware 
was  established  in  this  country  ])rcvious 
to  the  war,  but  it  is  common  knowledge 
that  many  of  the  large  w^hite  glass  units 
of  a  decorative  kind  were  imported  from 
abroad,  and  it  is  surely  up  to  us  to 
produce  good  work  of  this  kind  in  this 
country. 

The  question  of  standardisation  of 
material  applies  also  to  hemispheres  and 
globes  of  a  diffusing  kind.  It  is  well 
known  that  the  qualities  of  white  glass 
available  differ  very  much.  In  some 
cases,  flashed  opal  for  example,  uniform 
illumination  over  the  entire  surface  is 
readily  obtained  and  the  filament  or 
mantle  is  entirely  obscured  ;  in  other 
cases,  pot  opal  for  example,  one  can  still 
see  the  source  through  the  glass  and  the 
diffusion  is  not  so  good.  It  is  therefore 
of  interest,  from  the  lighting  standpoint, 
to  specify  exactly  the  quality  of  the  glass 
so  as  to  secure  the  requisite  uniformity 
of  diffusion,  combined  with  miuinium 
absorption. 

Similarly,  the  colour  a.nd  peiinancnce 
of  such  glasses  need  to  be  s|)ecilied.  One 
finds  that  some  varieties  of  so-called  white 
glass  are  apt  to  become  tinged  with 
yellow,  and  tluit  sometimes  an  uneven 
density  is  ])roduced.  Such  defects  will 
not  be  found  in  the  finest  glassware. 
Again,  in  the  case  of  the  larger  units  the 
ivci(/ht  of  the  glass  is  not  without 
significance.  In  view  of  the  tendency 
towards  the  production  of  sources  of 
high  candle-power,  this  element  may  have 
an  appreciable  effect  on  the  question  of 
fixture-design. 
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Tlic  ueed  for  standard  dimensions  is 
ecjually  important  in  the  case  of  re- 
flectors. It  is  particularly  important  to 
check,  as  far  as  possibh?,  the  tendency 
on  the  part  of  the  public  to  use  lamps 
with  reflectors  for  which  they  are  totally 
unsuited  Many  of  the  existing  reflectors 
designed  originally  for  carbon  filament 
lamps,  for  example,  are  quite  unsuited  to 
the  metal  filament  lamps  and  still  more 
the  *■■  half- watt  "  lamps. 

Another  matter  requa-ing  the  super- 
vision of  the  Illuminating  Engineering 
Society  is  the  testing  of  the  absorption 
of  glasses  and  of  globes  and  reflectors 
composed  of  various  kinds  of  glass.  One 
finds  that  there  are  great  differences  of 
opinion  regarding  the  amount  of  light 
absorbed  by  different  kinds  of  glassware, 
and  the  uncertainty  on  this  point  is 
intensified  by  the  fact  that  it  is  possible 
to  get  two  varieties  of  glass  which  appear 
very  similar  to  the  eye  but  dift'er  widely 
in  respect  of  absorption.  This  again,  is 
particularly  true  of  white  glass  the 
constitution  of  which  is  conveniently 
analysed  under  the  microscope.  In  this 
way  differences  in  quality  may  be 
revealed  which  would  escape  the  naked 
eye,  and  differences  in  diffusing  power 
may  be  explained. 

In  regard  to  reflectors  the  "  reflecting 
power  "  is  still  further  complicated  by 
the  differences  in  the  percentage  of  the 
total  light-flux  enclosed  by  the  reflector. 
Obviously  a  very  shallow  reflector,  which 
only  intercepts  a  very  small  portion  of 
the  rays  of  light,  woidd  have  an  appar- 
ently high  reflecting  power  ;  but,  never- 
theless, it  might  entirely  fail  to  comply 
with  the  requirements  of  a  good  reflector 
as  regards  screening  the  light  source  from 
the  eye  and  promoting  the  jjroper  dis- 
tribution of  light.  It  w^ouid  appear, 
therefore,  that  when  mentioning  the 
amount  of  light  reflected  by  a  unit,  some 
statement  as  to  the  percentage  of  the 
light  flux  enclosed  is  also  called  for. 

Tests  of  tbe  absorbing  power  of  globes 
and  reflectors  immediately  mtroduce 
photometric  problems,  and  call  for  the 
services  of  the  illuminating  engineer. 
The  preparation  of  a  series  of  samples  of 
typical  glass  accompanied  by  data  as 
regards  composition,  colour,  and  absorb- 
ing power  would  be  of  great  value.  In 
regard    to    fancy    coloured    shades,    the 


testing  of  colour  is  of  some  importance, 
and  even  more  so  in  the  case  of  coloured 
glasses  manufactured  for  certain  specific 
purposes  {e.g.,  for  signal  glasses).  Accurate 
tests  of  such  glass  require  the  use  of  the 
spectrophotometer,  and  there  are  other 
means,  which  have  been  discussed  before 
the  Society,  of  studying  such  problems. 
It  appears,  however,  that  there  is  a  need 
for  some  very  simple  form  of  colour- 
analysing  apparatus,  and  the  Society, 
which  has  done  so  much  to  simplify 
measurements  of  the  intensity  of  illumin- 
ation, might  also  devote  its  efforts 
towards  the  production  of  simple  instru- 
ments for  colour-analysis. 

Such  investigations  are  also  of  import- 
ance in  studying  the  want  of  permanence 
in  the  colour  of  glasses  and  the  explana- 
tion of  fading. 

An  allied  problem  for  the  Society  to 
consider  is  the  production  of  glasses 
excluding  rays  of  light  which  are  de- 
leterious for  certain  classes  of  work. 
There  has  been  much  discussion  of  recent 
years  regarding  the  influence  of  the 
ultra-violet  rays  on  eyesight.  Whatever 
be  their  influence  in  this  respect,  it  seems 
to  be  well  established  that  such  rays  have 
a  considerable  effect  in  causing  the  fading 
of  colours  of  pictures  and  fabrics.  I 
believe  that  a  glass  has  been  produced 
in  this  country  capable  of  absorbing  such 
rays,  and  therefore  suitable  for  use  in 
glass  cases  intended  to  contain  valuable 
coloured  objects  for  exhibition.  This 
point  is  of  special  interest  to  lighting 
engineers  because  of  the  discussion  that 
has  taken  place  regarding  the  effect  of 
artificial  light  on  coloured  materials. 
There  seems  good  ground  for  thinking 
that,  however  artificial  illuminants  may 
differ  in  this  respect,  the  majority  of 
illuminants,  as  used  for  ordinary  purposes 
of  illumination,  are  much  less  likely  to 
cause  fading  than  prolonged  exposure  to 
daylight.  But  in  special  cases  it  might 
be  desirable  to  include  lamps  in  globes 
made  of  a  variety  of  glass  which  checks 
the  ultra-violet  rays  but  allows  the 
visible  rays  to  pass  unimpeded. 

Yet  another  interesting  problem  is  the 
production  of  tinted  glass  for  use  with 
artificial  illuminants  to  produce  "  arti- 
ficial daylight."  Bulbs  for  incandescent 
electric  lamps  have  recently  been  made 
of  such  material,  and  screens  for  use  with 
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incandescent  gaslight  have  also  been 
developed.  The  problem  is  of  consider- 
able interest  to  industries  where  correct 
colour-matching  is  essential,  and  it  would 
be  very  desirable  to  have  glass  for  this 
purpose  accurately  analysed  and  specified 
for  different  types  of  lamps. 

Finally  there  are  many  problems  that 
arise  in  connection  with  the  making  of 
optical  instruments  which  are  also  of 
importance  in  photometry ;  and  con- 
versely there  are  many  optical  problems 
in  which  convenient  methods  of  measuring 
light  are  of  great  assistance.  Experts 
on  photometry  could  often  furnish  a  hint 
to  those  engaged  in  optical  problems. 
One  question  which  has  doubtless  often 
forced  itself  before  the  notice  of  photo- 
metric workers  is  the  production  of 
neutral  glass  of  standard  absorbing  power. 
There  has  been  no  difficulty  in  obtaining 
from  abroad  neutral  glass  plates  trans- 
mitting exactly  10  per  cent,  of  the  light ; 
but  it  has  hitherto  been  a  very  difficult 
matter  to  get  similar  glass  in  this 
country. 

The  advance  in  Germany  in  this  respect, 
as  well  as  in  many  other  special  lines  of 
optical  research,  can  be  traced  to  the 
evolution  of  the  Jena  works.  In  the 
first  instance  the  scientific  work  under- 
taken at  Jena  was  not  directly  I'emuner- 
ative.  But  the  Government  had  the 
foresight  to  see  that  it  had  great  future 
possibilities,  and  that  the  ability  to 
manufacture  accurate  standard  glass  for 
all  sorts  of  purposes  would  create  a  need 
for  it.  History  has  proved  the  correct- 
ness of  this  view.  On  the  research  work 
at  Jena  many  subsidiary  optical  industries 
have  been  built  up.  Similarly,  the  fine 
glass  works  in  Austria  have  been  slowly 
developed  through  many  years  of 
scientific  research. 

Since  the  war  broke  out  many  manu- 
facturers in  this  country  have  made 
praiseworthy  efforts  to  fill  the  gap,  and 
in  many  cases  substantial  progress  has 
been  made.  Yet,  taken  as  a  whole,  such 
efforts  are  apt  to  be  unrelated  and  chaotic. 
There  is  a  need  for  the  co-ordination  of 
all  such  individual  efforts  by  some  form 
of  central  control,  and  if  ])rogroRs  is  to 
be  lasting  and  ])rogressive  the  industry 
must  be  organised  on  scientific  lines. 
Even  so  we  cannot  expect  rapid  progress. 


for  time  will  be  needed  before  the  influence 
of  scientific  study  begins  to  tell. 

In  particular  it  is  desirable  that  the 
scientific  sections  of  the  work  and  the 
standardisation  of  material  should  be 
guided  on  some  co-ordinated  plan.  The 
Institute  of  Chemistry  of  Great  Britain 
and  Ireland  has  already  done  excel- 
lent work  in  devising  formulse  for  glass 
required  for  various  purposes,*  It  is  to  be 
hoped  that  for  lighting  purposes  glass- 
ware will  also  be  the  subject  of  careful 
study.  In  the  National  Physical 
Laboratory  we  have  a  scientific  institu- 
tion which  is  already  doing  good  work, 
and  which  only  requires  greater  support 
to  be  of  immense  benefit  to  the  glass 
industry.  It  has  also  been  suggested  that 
the  scheme  for  a  Central  Institute  on 
Applied  Optics,  suggested  before  the  war, 
should  be  carried  through.  In  such  work 
the  various  scientific  associations  and 
societies  throughout  the  country  should 
play  a  part,  and  there  are  signs  that  the 
Government  is  willing  to  consider  taking 
a  more  active  part  in  fostering  the 
industry.  From  personal  experience  I 
can  say  that  the  Board  of  Trade  have 
already  done  a  good  deal  considering 
their  present  powers.  Similarly,  I  notice 
that  the  Board  of  Education  has  been 
considering  the  establishment  of  better 
educational  facilities  for  instruction  in 
glass-blowing  and  similar  processes  in- 
volved in  the  manufacture  of  scientific 
instruments. 

In  undertaking  such  work  the  author- 
ities will  have  to  consider  ])oth  the 
scientific  requirements  of  the  iiulustry 
and  the  industrial  problems  which  1  havi> 
briefly  mentioned  above.  The  problem 
is  a  difficult  one  but  a  highly  scientific 
industry  like  this  is  well  worth  the  effort 
involved  as  it  reacts  on  so  many  other 
trades  and  professions. 

In  conclusion,  I  would  like  to  recall 
for  discussion  several  definite  proposals 
made  in  the  course  of  this  address  : 

(1)  There  is  a  need  for  staiulardisation 
in  resjiect  of  materials  used  in  vari(uis 
kinds  of  glassware  used  in  the  lighting 
industry.  It  would  be  very  desiralile 
for  a  complete  series  of  samples  to  l)o 
])re])ared,   attached  to  each   bemg  par- 

*  Particulars  of  sonic  of  the  varieties  of  ijlass 
so  far  invcstiijalcd  arc  jiivcn  in  tlic  Appcncli.x 
(p.  122). 
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ticulars    of    tlie    chemical    composition,  a    lighting    standpoint    of    globes    and 

absorbing  and  diffusing  ([ualities,  colour,  reflectors  should  be  more  precisely  for- 

permanence  and  durability,  and  special  mulated. 

applications.  (1)  An    effort    should    be    made     to 

(2)  An  ett'ort  should  be  made  to  simplify  and  standardise  the  apparatus 
standardise  the  dimensions  of  glassware  for  testing  different  varieties  of  glass  as 
used   for  lighting   purposes,   the   shapes  regards  colour. 

and  sizes  of  globes  and  reflectors  being  (5)  The       Illuminating       Engineering 

limited  to  a  convenienc  prescribed  series.  Society    should    co-operate    with    other 

(3)  The  conditions  of  testing  the  bodies  in  forming  a  Commit  Lee  to  con- 
reflecting  power  and  otlier  qualities  from  sider  these  problems. 


APPENDIX    L 

Somn  Notes  on  the  Preliminary  Be  port  of  the  Glass  Besearch  Committee  of  the  Institute 
of  Chemistry  of  Great  Britain  and  Ireland. 

In  the  Preliminary  Report  of  the  Glass  Research  Committee  it  is  mentioned 
that  research  has  been  conducted  on  the  following  glasses  and  formulae  specifj'ing 
their  compositions  have  been  determined  : — 

1.  and  2.  Soft  glasses  suitable  for  ordinary  chemical  laboratory  ware,  which  do 
not  give  up  alkali  readily  to  water,  work  well  in  the  blowpipe  and  do  not  devitrif^- 
readily. 

3.  Resistant  glass  siutable  for  pharmaceutical  purposes,  ampoules,  itc,  inter- 
mediate in  hardness  between  soft  glass  and  combustion  tubing,  and  highlj"  resistant 
to  chemical  action. 

4.  and  5.  Glasses  for  combustion  tubing,  closely  resembling  Jena  combustion 
tubing,  and  having  practically  the  same  fusing  point. 

G.  and  7.  Miners'  glasses,  colourless  and  fusible  and  capable  of  withstanding 
rapid  changes  of  temperature. 

8.  Resistance  glass,  alinost  identical  in  its  general  behaviour  with  Jena  resistance 
glass. 

9.  An  alternative  glass  for  combustion  tubing. 

10.    11.  and   12.  Soft  glasses  suitable  for  tubing  and  for  X-ray  bulbs. 

13.  Glass  for  ordinary  chemical  laboratory  ware,  alternative  to  No.  1. 

14.  Glass  for  tubing;  X-ray  bulbs,  &c.,  alternative  to  No.    10. 

Since  the  publication  of  the  above  formula,  some  further  information  on  Glass 
Research  has  been  issued  in  the  Proceedings  of  the  Institute  (Part  I,   1916).      The 
Glass  Research  Committee  have  lately  forwarded  to  the  Advisory  Coimcil  on  Scientific 
and  Industrial  Research  reports  on  formulae  for  : — 

15.  Blue  Enamel  for  sealing  metallic  wire  into  glass. 

16.  Lead  Glass  suitable  for  electric  light  bulbs. 

17.  Lead  Glass  similar  to  above,  but  avoiding  potassium  carbonate. 

18.  Opal    glass  designed  to  join  perfectly  with  glass  made  to  the  Committee's 
formulae  Nos.    1   and   10. 

19.  High  temperature  thermometer  glass. 

20.  A  leadless  opal  glass  which  unites  with  No.  19  and  can  be  worked  with  it  as  an 
enamel  backing  for  thermometers,  &c. 

21.  Thermometer  glass  for  ordinary  temperatures. 
It  is  added  :  — 

"  The  fact  that  these  foimiulae  are  available  has  h>een  reported  to  British  glass 
makers,  from  whom  a  large  number  of  applications  have  been  received  and  are  now 
under  the  consideration  of  the  authorities." 

"  With  regard  to  research  on  optical  glass,  the  Advisory  Council  have  asked 
that  the  Glass  Research  Committee  shall  keep  in  touch  with  the  National  Physical 
Laboratory,  to  which  a  grant  has  also  been  allotted.  The  primary  object  of  the  work 
of  the  Laboratory  will  bo  '  the  study  of  the  process  ancl  condition  of  melting  and 
))roducing  glass  of  good  optical  cpiality  w  ith  special  reference  to  refractories  and  electric 
furnaces  methods,  with  a  view  to  putting  the  whole  process  of  manufacture  on  a 
jiractical   scientific   basis.'  " 

"  Tlie  line  of  investigation  undertaken  by  the  Glass  Research  Committee  of  the 
Institiite  is  the  study  of  certain  optical  glasses  urgently  required  for  industrial  pur- 
poses, with  a  view  to  their  early  production  by  manufacturers." 
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DISCUSSION 


The  Chairman  said  that  the  subject  of 
the  paper  was  one  of  pressing  interest  at 
the  present  time,  and  called  for  scientific 
research  and  scientific  treatment.  From 
an  industrial  standpoint  the  problem  was 
also  a  serious  one,  and  there  were  con- 
ditions which  stood  very  much  in  the  way 
of  the  scientific  and  commercial  develop- 
ment of  glass  manufacture  in  this  country. 
It  might  be  hoped  that  these  difficulties, 
which,  however,  must  be  discussed  on 
another  platform,  woiild  be  overcome 
in  course  of  time. 

He  was  glad  to  see  that  Mr.  Langlands 
had  said  a  good  word  for  the  Board  of 
Trade,  because  it  was  also  his  experience 
that  during  the  war  the  Board  of  Trade 
had  done  all  that  could  be  done  to  help 
in  many  ways,  considering  the  limited 
means  at  its  disposal. 

Mr.  Bertram  Blount,  as  a  member  of 
the  Glass  Research  Committee  of  the 
Institute  of  Chemistry,  mentioned  in  the 
paper,  said  he  believed  that  Committee 
had  done  splendid  work,  resulting  in 
something  practical.  He  also  supported 
the  Author  and  the  Chairman  in  recog- 
nising the  extreme  help  which  the  Board 
of  Trade  had  given  in  the  matter.  The 
main  difficulties  in  the  case  of  the  glass 
industry  had  been  Treasury  difficulties, 
but  by  a  plain  statement  and  not  by 
persuasion  the  Institute  of  Chemistry 
Committee  had  obtained  the  necessary 
monetary  help  which  had  enabled  a 
research  to  be  carried  out  for  a  few 
hundred  pounds,  which  he  believed  would 
bring  our  industries  into  a  state  of  great 
prosperity. 

Mr.  W.  C.  Hancock,  also  a  inember  of 
the  Glass  Research  Committee  of  the 
Institute  of  Chemistry,  said  that  a 
number  of  glass  manufacturers  had 
actually  undertaken  to  manufacture  glass 
according  to  the  formulae  which  had 
been  provided.  Some  of  them  had  en- 
countered difficulties,  and  had  asked  the 
Committee  for  further  hel])  and  advice 
which  had  been  willingly  given. 

The  work  carried  out  l)y  Prof.  Jackson 
for  this  Committee  at  King's  College  had 


been  simply  tremandous,  for  he  had  not 
confined  himself  merely  to  the  carrying 
out  of  experiments  for  the  elucidation  of 
the  formulae,  but  had  given  most  valu- 
able help  to  the  manufacturers.  With 
regard  to  glass  capable  of  excluding  ultra- 
violet rays,  Sir  William  Crookes  had  done 
a  good  deal  of  valuable  work  a  few  years 
ago  in  this  connection  which  should  be 
capable  of  useful  application  now.  The 
work  of  the  Committee  of  the  Institute 
of  Chemistry  had  resulted  in  several  steps 
forward  being  taken,  especially  when  the 
extreme  shortage  of  glass  for  steel  works 
laboratories  and  for  jniners'  lamps  at  the 
beginning  of  the  war  was  realised.  A 
difficulty  at  first,  however,  was  the  neces- 
sity for  skilled  workmen,  but  this  to  a 
large  extent  had  been  overcome.  Mr. 
Langland's  scheme  was  extremely  am- 
bitious and  should  be  undertaken 
thoroughly  so  that  all  interests  concerned 
could  be  co-ordinated.  He  certainly 
hoped  that  the  manufacturers  would 
come  forward  and  take  their  part  in  the 
whole  scheme,  because  it  was  useless  to 
attempt  to  patch  up  the  industry  in  parts. 
There  were  possibilities  for  the  glass 
industry  in  this  country  being  made  an 
extremely  remunerative  business,  a-  d  the 
manner  in  which  optical  glass  had  been 
tackled  by  the  liistitute  of  Chemistry,  and 
also  by  the  National  Physical  Laboratory, 
showed  that  we  had  the  means  at  our 
disposal  for  avoiding  that  dependence 
upon  foreign  sources  which  existed  before 
the  war.  Such  a  state  of  things  ought 
never  to  have  been  allowed  to  arise,  and 
he  ho])ed  it  would  never  recur. 

Mr.  E.  Stroltt)  :  The  ])aper  by  Mr. 
Langlands,  although  c()mi)iiratively  short, 
opens  up  such  a  variety  of  questions  in 
regard  to  glassware  for  lighting  |)ur])oses. 
that  one  can  only  analyse  and  deal  with 
a,  few  of  the  chief  suggestions  in  tlie  time 
available. 

The  war  has  certainly  brought  home  to 
us  the  extent  to  which  we  were  dejiendent 
on  abroad  for  mmny  forms  of  glass, 
especially  glass  of  a  heat-resisting  char- 
acter, in  mv  own  ex|.erience,  in  con- 
nection with  Molopharie  glass,  these 
dilliculties  have  not   aiisen,   since  glass- 
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ware  of  this  kimi  is  nianufactiued  in  this 
couiitiy. 

In  "this  connection  Mr.  Langlanrl's 
remarks  are  of  great  interest,  because  the 
utility  of  Holophane  glassware  is  very 
greatly  wrapj)ed  up  with  precision  in 
manufacture  and  standardisation,  as 
regards  comnosition  and  form  of  mould. 
Any  form  of  glassware  which  is  stated  to 
give  certain  ilhunination  values  with  a 
certain  type  of  lamp  must,  of  course,  be 
accurately  manufactured,  and  the  moulds 
used  for  Holophane  glass  Lave  to  be  made 
with  the  greatest  care  :  in  the  larger  sizes 
the  number  of  calculated  faces  may 
amount  to  many  hundreds,  and  the  correct 
reflection  of  the  rays  depends  on  the  angle 
of  the  prisms  being  exact  and  the  surface 
of  the  glass  highly  finished. 

Seeing  that  we  deal  with  transparent 
glass  we  have  the  advantage  of  extremely 
low  absorption  values. 

The  variation  in  distribution  is  achieved 
by  shaping  the  prisms,  and  we  have  only 
to  produce  consistently  glass  of  uniform 
colourless  transparent  quality.  It  is  of 
course  vital  that  any  tendency  to  yellow 
colouration  should  be  avoided,  and  we 
find  that  with  our  reflectors  the  colour  of 
the  light  from  any  form  of  lamp  is  not 
affected,  as  it  might  be  by  cloudy  media. 

As  regards  the  question  of  heat  resisting 
power,  we  have  adapted  Holophane  re- 
flectors very  widely  for  gas,  and  find  no 
difficulty  in  obtaining  units  which  do  not 
crack  or  discolour  with  the  heat ;  I 
should  like  to  point  out  that  in  our  ex- 
perience success  in  this  respect  is  often 
as  much  a  matter  of  correct  design  of  unit, 
provision  for  ventilation,  and  expansion 
of  glass  and  gallery  as  quality  of  glass. 

The  question  of  standardisation,  as 
suggested  by  Mr.  Langlands,  is  a  very 
important  one.  If  by  "  standardisa- 
tion "  he  means  exact  reproduceability 
in  the  quality  and  dimensions  of  units, 
we  can  claim  to  have  done  pioneering  w^ork 
in  this  direction.  If,  however,  it  is  im- 
plied that  the  units  supplied  by  different 
manufacturers  are  to  conform  to  a  given 
range  of  dimensions,  this  is  a  much  larger 
projjosition.  The  first  step  in  this  <lirec- 
tion  should  clearly  be  taken  by  the  makers 
of  lamps  and  burners,  to  whose  require- 
ments manufacturers  of  reflectors  must, 
to  a  great  extent,  conform.  As  was 
suggested  at  a  recent   meeting   of  this 


Society,  a  more  complete  understanding 
as  to  standard  sizes  of  bulbs  and  positions 
of  filaments  therein  would  be  a  great 
advantage,  as  the  results  obtained  from 
any  reflector  are  naturally  dependent  on 
these  factors  ;  however  accurate  we  may 
be  in  standardising  the  reflector,  the 
illumination  obtained  will  vary  if  the 
position  of  the  filament  within  it  alters 
greatly  according  to  the  type  of  lamp 
used. 

I  fully  agree  with  the  remarks  of  the 
author  regarding  the  need  for  greater 
precision  on  defining  the  "  reflecting 
power  "  of  various  units,  and  the  amount 
of  light  absorbed.  There  is  a  great  deal 
of  misapprehension  on  this  point,  and  the 
question  should  always  be  considered  in 
conjunction  with  the  general  qualities  of 
the  unit.  Some  units  have  a  low^  absorp- 
tion value,  merely  because  they  do  very 
little  reflecting,  and  there  ought  to  be  a 
standard  practice  in  testing  the  absorption 
and  other  properties  of  glasses. 

The  question  of  selecting  certain  sizes 
of  units  to  fall  within  a  predetermined 
intrinsic  brilliancy  is  also  a  somewhat 
difficult  one ;  naturally  in  designing 
Holophane  units  we  have  kept  this  matter 
in  mind,  but  it  is  obvious  that  much  de- 
pends on  the  position  occupied  by  the 
lighting  unit.  In  other  words,  the  supply 
of  the  lighting  unit  must  go  hand  in  hand 
with  a  knowledge  of  how  it  should  be 
applied  in  practice.  This  has  always  been 
our  practice,  and  we  fully  recognise  the 
need  for  precision  in  manufacture  in  order 
that  predeterminations  of  illumination 
may  be  carried  out  in  the  actual  in- 
stallation. 

Mr.  A.  P.  Trotter  said  the  question 
of  glass  w^as  a  very  wdde  one  and  was 
divided  into  various  branches,  which  had 
very  little  to  do  with  each  other.  There 
was  the  question  of  optical  glass,  chemical 
glass,  and  glass  for  lighting  purposes. 
This  latter  included  shades,  globes, 
chimneys  and  so  forth,  and  in  the  case 
of  gas  shades,  heat  difficulties  were 
encountered.  Then  there  was  another 
important  section,  the  so-called  opal 
glass  which  he  regarded  as  a  convenient 
term  covering  a  large  number  of  different 
kinds  of  diffusing  glass.  It  was  very 
desirable  that  the  buyer  of  glass  or  of 
glassware  should   know^  definitely  what 
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he  wanted,  that  he  should  be  able  to 
describe  it  in  accurate  terms,  and  that 
the  dealer  or  manufacturer  should  be 
able  to  understand  the  description  and 
to  know  whether  he  was  able  to  supply 
the  goods.  In  1882,  when  he  brought 
out  his  dioptric  shades,  which  were  the 
forerunner  of  the  Holophane  system,  he 
had  great  difficulty  in  finding  any  manu- 
facturer who  could  undertake  to  make 
them.  In  discussing  the  matter  with  a 
well-known  firm  he  asked  the  manager, 
"  What  is  the  refractive  index  of  your 
flint  glass  ?  "  "  What  index  ?  "  "Re- 
fractive index."  "  Oh,  we  have  nothing 
of  the  kind  !  "  The  Americans  were  far 
ahead  of  us  in  this  matter  of  opal  glass 
or  milk  glass  as  it  is  sometimes  called, 
and  had  magnificent  laboratories  in  which 
researches  were  carried  out  by  men  who 
gave  their  whole  attention  to  the  tech- 
nology of  the  subject  of  glassware.  The 
subject  was  encumbered  at  present  with 
a  nu7nber  of  trade  names  ;  some  of  these 
referred  to  combinations  of  opal  and 
ground  glass.  Flashed  opal  consisted  of 
a  thin  layer  of  densely  turbid  glass  spread 
over  a  sheet  of  transparent  glass.  Some 
kinds  of  opal  glass  had  very  poor  mechan- 
ical qualities,  and  the  clear  glass  acted 
as  a  support.  Most  glasses  of  this  kind 
showed  the  lamp  behind  of  reddish  colour 
(and  which  could  easily  be  explained 
optically)  and  that  was  surrounded  by  a 
diffused  light.  This  differed  from  ground 
glass,  where  one  saw  a  large  patch  of 
light  surrounded  by  a  dimmer  patch, 
wiiich  could  also  be  explained  optically. 
The  Americans  had  succeeded  in  pro- 
ducing a  dilute  mixture  of  the  diffusing 
material  with  clear  glass,  and  had  pro- 
duced rather  clumsy  shades,  very  thick 
and  heavy,  but  with  peculiar  scattering 
characteristics.  Volume  10  (p.  353,  et  seq.) 
of  the  Proceedings  of  the  American 
Illuminating  Engineering  Society  con- 
tained a  good  deal  about  diffusive 
reflection  and  transmission,  but  the 
theoretical  part  was  too  mathematical 
and  theoretical  and  the  experimental 
results  were  of  little  or  no  practical  use 
to  manufacturers. 

He  himself  began  some  years  ago  an 
investigation  of  the  scientific  aspect  of 
the  scattering  of  opalescent  or  general 
translucent  substances,  and  of  the  analo- 
gous subject  of  the  scattering  of  a  white 


reflector,  but  it  required  a  great  deal  of 
experiment,  and  he  could  only  do  this  in 
his  spare  time,  and  at  present  he  saw  no 
chance  of  going  on  with  it.  The  behaviour 
of  translucent  substances  differed  a  good 
deal,  as  everyone  knew  from  the  grease 
spot  on  the  Bunsen  disc,  where  a  change 
in  the  direction  of  view  showed  that  the 
law  of  scattering  of  the  paper  was  not 
the  same  as  the  law  of  scattering  of  the 
wax. 

There  was  some  difficulty  in  dealing 
with  the  author's  conclusions.  In  the 
first,  dealing  with  standardisation  of 
materials,  he  asked  for  samples.  While  it 
would  be  a  good  thing  to  have  samples  so 
that  one  would  be  reasonably  sure  of 
getting  something  near  what  was  ordered, 
he  did  not  see  how  manufacturers  could 
be  asked  for  the  chemical  composition  of 
their  glass.  As  to  standardising  dimen- 
sions of  glassware,  that  in  itself  was  good, 
but  the  author  suggested  it  should  be 
limited  to  a  convenient  prescribed  series. 
Personally,  he  thought  there  had  been  too 
much  standardisation,  in  certain  branches 
of  electrical  and  other  engineering,  and 
he  would  hesitate  about  adopting  restric- 
tions which  would  limit  choice  of  sizes. 
As  to  the  third  conclusion,  that  was  a 
highly  scientific  matter  and  had  already 
received  a  large  amount  of  attention  from 
the  Society.  It  would  be  rather  difficult 
to  standardise,  although  it  would  be  well 
to  know  that  a  reflector,  for  which 
certain  powers  were  claimed,  had  been 
intelligently  tested.  As  to  standardising 
a  testing  apparatus  for  glass  as  regards 
colour,  that  had  been  very  largely  done 
scientificallj^  and  by  the  spectro-])hoto- 
meter,  as  well  as  by  other  methods  which 
were  practically  effective  up  to  a  certain 
])oint,  but  entirely  unscientific,  such  as 
that  adopted  by  Mr.  Lovibond.  The 
question  of  artificial  daylight  had  been 
gone  into  some  time  ago  by  the  Society, 
and  he  had  shown  an  instrunu-nt  for 
testing  lamj)s  of  that  kind.  Daylight 
lam|)s  at  that  time  were  very  ])oor,  but 
the  Americans  had  since  goiu'  ahead  very 
rapidly.  His  owJi  a])paratiis  was  now  in 
the  liaiuls  of  a  manufacturer,  who,  how- 
ever, found  it  perfectly  im})o8sible  to 
touch  it  on  account  of  the  war. 

Dr.  M.  W.  Travers  said  that  Jena 
resistance  glass,  and  the  glass  from  which 
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Duroglass,  Ltd.,  manufactured  cliemical 
glassware  and  gas  globes,  were  practically 
the  same  thing.  The  selection  of  a  glass 
for  these  purposes  was  always  a  matter 
of  compromise,  for  while  one  kind  of 
glass  was  very  highly  "  heat  resisting," 
another  kind  was  more  inactive  towards 
chemical  reagents,  and  did  not  "  fog  " 
when  exposed  to  combustion  products  of 
gas.  While,  for  instance,  "  Monopel "' 
glass  was  more  highly  heat-resisting  than 
Jena  glass,  it  fogged  more  readily.  This 
appeared  to  be  due  to  the  presence  of 
lead  and  antimony  in  the  former.  His 
firm  preferred  to  manufacture  a  glass  free 
from  these  heavy  metals,  which  they 
entirely  excluded  from  their  works,  as 
they  were  objectionable  as  impurities  in 
chemical  glass.  If  they  were  to  under- 
take the  manufacture  of  gas  globes  on  a 
larger  scale  it  would  be  necessary  to 
consider  the  matter  further,  and  to  work 
out  a  glass  most  suitable  for  this  particular 
purpose.  With  regard  to  standardisation, 
he  had  to  point  out  that  we  had  not  really 
advanced  very  far  in  our  knowledge  of 
glass,  and  its  manufacture,  in  this 
country,  and  that  standardisation,  miuht 
mean  sterilisation.  This  applied  even 
more  to  methods  of  manufacture  than  to 
varieties  of  glass,  for  given  any  one  kind 
of  glass  there  would  probably  be  at  least 
''  nine  and  fifty  ways  "  of  producing  it, 
and  both  formalae  and  works  practice 
could  be  varied  considerably.  The  manu- 
facturer would,  however,  like  to  see  an 
attempt  at  standardising  patterns  and 
sizes,  the  variety  of  which  appeared  to  be 
unlimited. 

Mr.  J.  S.  Dow  said  that  since  the  war 
began  a  number  of  glass  makers  had  been 
making  independent  efforts  to  produce  the 
so-called  "  heat-resisting  glass  "  for  use 
with  high  pressure  gas  lamps,  &c.,  and 
no  doubt  some  measure  of  success  had 
been  already  obtained.  But  from  what 
he  had  heard  it  appeared  that  there  were 
considerable  variations  in  the  quality  of 
glass  sold  under  this  title  ;  in  some  cases 
the  glass  was  cjuite  good,  in  others  very  far 
from  justifying  comparison  with  Jena 
glass.  He  had  had  an  op])ortunity  of 
seeing  at  the  Institute  of  Chemistry  some 
of  the  samples  of  laboratory  glass  of 
various  kinds,  on  which  the  Research 
Committee  of  the  Institute  had  already 


done  such  good  work,  and  had  been 
particularly  interested  in  the  specimens 
of  combustion  tubing.  The  formula  for 
this  glass  was  known,  and  it  seemed 
possible  that,  with  a  little  modification, 
this  work  would  also  have  an  application 
to  heat  resisting  glass  required  for  use  in 
the  lighting  industry. 

Mr.  Langlands  and  IVIr.  Trotter  had 
both  referred  to  the  need  for  standardising 
the  qualities  of  opal  glasses.  There  is 
little  doubt  that  the  globes  and  reflectors 
of  this  type  in  use  at  the  present  moment 
are  very  unequal,  some  being  satisfactory 
but  others  unsatisfactory  in  colour, 
uniformity  and  diffusing  effect. 

Similarly  the  question  of  preparing 
coloured  glass  screens  for  the  j)roduction 
of  "  artificial  daylight "  needs  atten- 
tion. Screens  of  this  kind  have  been 
described  at  several  meetings  of  this 
Society.  They  have  been  prepared  for 
use  with  incandescent  electric  lamps  (of 
which  bulbs  of  special  daylight  glass 
have  also  been  blown),  for  incandescent 
mantles  and  for  arc  lamps.  No  doubt 
they  would  also  be  very  readily  applicable 
to  the  half-watt  lamps.  This  question 
of  producing  convenient  small  artificial 
daylight  units  is  of  considerable  pro- 
portion importance  in  the  dyeing  and 
textile  industries  and  in  other  work 
where  accurate  colour  matching  is  in- 
volved. In  this  case  scientific  precision 
and  accurate  reproduction  of  glass  is 
essential.  It  is  not  desirable  that  there 
should  be  a  great  variety  of  glasses  all 
claiming  to  give  artificial  daylight  with  a 
particular  ilhiminant,  but  all  departing 
from  it  to  a  greater  or  less  extent.  It 
should  be  possible  to  ascertain  scientific- 
ally with  the  spectro-photometer  how 
near  to  average  daylight  we  can  get  with 
different  illuminants,  and  the  glass 
required  in  each  case  should  be  accurately 
specified  so  that  it  can  be  reproduced  by 
any  glass  manufacturer.  The  solution 
of  this  problem  demands  the  combined 
work  of  the  photometric  expert,  the 
chemist  and  the  glass  manufacturer. 
The  Illuminating  Engineering  Society 
might  with  advantage  approach  the 
Institute  of  Chemistry  and  the  National 
Physical    Laboratory    on    this    matter. 

Another  problem  of  importance  not  only 
to  photometric  workers,  but  to  all  who 
have  to  do  with  optical  instruments,  is 
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the  production  of  standard  neutral-tinted 
glass.  Such  glass  is  an  essential  product 
in  many  scientific  experiments  in  optics  ; 
yet,  before  the  war,  it  was  impossible  to 
purchase  in  this  country  plates  of  neutral 
glass  guaranteed  to  absorb  a  certain  per- 
centage of  light — although  a  series  of 
such  glass  has  been  produced  at  Jena 
and  has  long  been  listed  by  glass  makers 
and  scientific  instrument  manufactiu:ers 
in  Germany 

Mr.  Dow  added  that  he  had  had 
personal  experience  on  this  matter  when 
endeavouring  to  get  dark  glasses  respec- 
tively transmitting  10  and  1  per  cent. 
of  the  light  for  the  Lumeter  photometer. 
Such  glasses  are  essential  in  order  to  get 
a  really  wide  range,  for  example  to 
measure  up  to  1000  ft. -candles  or  more. 
Although  he  had  the  advantage  of  the 
advice  of  Mr.  Conrad  Beck,  they  were 
unable  to  get  any  standard  neutral  glass 
in  this  country  and  eventually  they  had  to 
pick  out  some  sheets  by  inspection,  and 
afterwards  cut  them  down  and  find  out 
by  trial  and  error  the  required  thickness. 
Even  then  the  glass  was  not  strictly 
neutral  and  it  was  found  necessary  to 
combine  two  samples  (one  too  red  and  one 
too  green)  in  the  form  of  a  wedge  in  order 
to  make  a  suitable  screen. 

These  instances,  Mr.  Dow  concluded, 
showed  the  need  for  standardisation. 
Naturally  glass  makers  would  always 
have  their  individual  preferences  and 
differences  in  method.  But  it  seemed 
highly  desirable  that  there  should  be 
some  central  soiu'ce  from  which  definite 
information  on  standard  glasses  of  the 
kind  indicated  above  could  be  obtained, 
so  that  our  knowledge  on  such  matters 
coiild  be  permanently  placed  on  record. 
In  this  way  people  would  know  that  there 
was  in  existence  at  least  one  complete 
series  of  formulae  for  glass  of  every 
description,  to  which  recourse  could  be 
had  in  any  difficulty.  The  Institute  of 
Chemistry  appeared  to  have  already 
made  an  excellent  beginning  in  this 
respect. 

Mr.  0.  P.  Macfarlank  spoke  on  the 
question  of  glass  required  to  withstand 
the  intense  In  at  produced  l)y  incandescent 
oil  lamps.  In  this  connection  "  Monopel  " 
was  certainly  a  very  fine  glass,  but  was 
exceeded  in  its  heat-resisting  power  by 


another  glass  coming  from  Prussia  known 
as  "  Resisto."  Jena  glass  was  not  of 
first-rate  quality  as  regards  heat  resist- 
ance, but  was  very  good  with  regard  to 
absence  of  fogging. 

He  would  like  to  encourage  glass- 
makers  in  this  country  in  the  production 
of  heat-resisting  glass  because  it  should 
be  a  very  lucrative  business.  It  would 
require  very  careful  manipulation,  because 
the  quality  and  the  uniform  thickness 
was  all-important.  Samples  of  British- 
made  globes  which  recently  came  into 
his  hands  were  as  irregular  as  the  waves 
of  the  sea,  and  their  production  was 
remarkable.  Inequalities  in  thickness 
were  almost  fatal  to  a  glass  required  for 
heat  resisting  purposes.  He  thought 
that  one  of  the  greatest  weaknesses  at 
present  was  the  lack  of  skilled  workmen. 
It  was  perfectly  wonderful  to  see  the 
regularity  and  precision  with  which  glass 
was  produced  on  the  Continent. 
Americans  had  endeavoured  to  supply 
this  country  with  this  glass,  but  the 
results  had  been  very  disappointing.  In 
appearance  the  American  glass  approached 
very  closely  to  the  German,  but  it  had 
not  got  the  same  heat-resisting  quality, 
notwithstanding  that  German  workmen 
had  been  taken  into  American  factories. 
Apparently  they  had  not  obtained  the 
cream  of  the  workmen. 

Mr.  L.  Gaster  said  he  quite  concurred 
in  the  view  that  it  is  not  necessary  to 
have  so  many  different  globes,  bulbs,  and 
chimneys,  differing  not  only  in  the  nature 
of  the  glass  but  the  dimensions  as  well. 
Naturally  globes  and  shades  would  have 
to  be  of  dift'erent  qualities  according  to 
the  purpose  for  which  they  were  intended, 
and  a  fair  amount  of  latitude  must  be 
allowed  for  individual  taste.  But  one 
could  not  but  feel  that  in  many  cases, 
particularly  as  regards  the  cheaper  tyi>es 
of  glassware,  these  variations  were  not 
the  result  of  deliberate  attempts  to  meet 
certain  ])roblems,  but  arose  through  the 
haphazard  way  in  which  individual  people 
decided  on  their  own  re(|uirenients, 
without  any  attempt  to  co-oj)crate  with 
others  in  fixing  a  coinnum  size  or  (juality 
equally  convenient  to  all  of  them. 

It  was  advisai)le  for  the  glass  manu- 
facturers to  combine  on  this  matter,  but 
responsibility  also  rested  with  the  makers 
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of  lamps  and  burners,  on  which  the  sizes 
of  glassware  largely  depended.  As  an 
instance  of  extreme  needless  variations, 
he  might  mention  the  differences  in  the 
sizes  of  burners  for  oil  lamps  or  for  petrol 
air  gas-machines  ;  small  de\dations  were 
common,  which  could  surely  have  no 
necessity  as  far  as  results  were  concerned, 
and  the  same  held  good  to  a  greater  or 
less  extent  in  the  gas  and  electrical 
industries. 

In  the  case  of  oil  lamps  it  is  of  course 
well  known  that  the  design  of  the  lamp 
is  necessarily  affected  by  the  kind  of 
petroleum  for  which  it  is  intended,  and 
this  may  entail  a  difference  in  the  dimen- 
sions of  the  chimneys.  It  should,  how- 
ever, be  feasible  to  ensure  that  for  lamps 
using  the  same  kind  of  oil  the  sizes  of 
chimneys  are  limited  to  standard  sizes, 
which  are  found  to  give  the  best  results. 
In  this  way  greater  uniformity  as  regards 
performance  might  be  secured,  besides 
materially  diminishing  the  cost  of  manu- 
facture. 

In  the  United  States  co-operation  be- 
tween the  makers  of  lamps  and  shades 
was  more  usual.  The  lighting  unit,  com- 
prisiuLT  both  lamp  and  shade,  was  con- 
sidered as  a  whole,  the  result  being  the 
standardisation  of  the  conditions  pro- 
ducing the  best  lighting  effect,  as  well  as 
enabling  the  unit  to  be  most  cheaply  and 
expeditiously  put  together.  Naturally 
time  would  be  required  in  this  country  to 
bring  the  different  makers  into  line. 
But  it  would  be  at  least  a  great  step  for- 
ward if  a  series  of  standard  sizes,  con- 
sidered the  most  satisfactor}^  from  a 
practical  standpoint,  could  be  determined 
upon  and  exhibited  as  those  accepted  by 
the  lighting  industry  in  principle.  Tliis 
would  at  once  have  the  effect  of  bringing 
a  number  of  makers  into  agreement,  and 
others  would  follow. 

This  question  of  standardisation  is  of 
vital  importance  to  the  manufacturers  of 
glasswar'3  iu  tliis  country.  So  long  as 
dealers  were  content  to  rely  on  imported 
glass  divergencies  in  size  were  less  im- 
portant. But  if  glass  manufacture  is  to 
be  undertaken  as  a  national  industry  on 
a  large  scale  it  is  essential  to  limit  as  far 
as  possible  the  present  nmltiplicity  of 
dimensions,  as  it  is  only  by  concentrating 
on  standard  forms  that  a  substantial 
diminution  of  the  cost  of  manufacture  can 


be  expected.  Naturally,  in  regard  to 
glass  of  a  "  luxury  "  type,  where  indi- 
vidual preferences  play  an  important  role, 
standardisation  need  net  be  carried  far. 
But  in  regard  to  everyday  articles  which 
have  to  be  produced  in  large  quantities 
it  should  lead  to  most  useful  results. 

Mr  Gaster  also  wished  to  associate 
himself  with  the  remarks  of  Mr.  Langlands 
on  the  testing  of  globes  and  reflectors. 
At  present  one  could  buy  electric  incan- 
descent lamps  by  specification,  and  it 
seemed  to  him  that  ultimately  one  ought 
to  be  able  to  purchase  globes  and  re- 
flectors and  shades  for  use  with  them 
under  equally  definite  conditions. 
It  was  surely  an  anomaly  to  pay  great 
attention  to  the  illuminating  power  of  the 
lamps,  and  then  to  abstain  from  stating 
precisely  the  qualities  desired  in  the 
globe  shade  or  reflector  by  which  the  rays 
of  light  were  distributed.  Mr.  Stroud 
had  referred  to  the  pioneering  work 
carried  out  by  the  Holophane  Company 
in  this  respect,  and  during  the  last  few 
years  a  great  advance  iu  this  respect  had 
been  made  by  the  various  manufacturers 
of  lighting  appliances,  who  were  now 
supplying  polar  curves  with  their  lighting 
units.  The  time  seemed  ripe  for  adopting 
a  standard  method  of  procedure  in  testing 
and  specifying  such  imits,  and  he  agreed 
that  it  would  be  a  great  advantage  if  the 
articles  supplied  by  different  companies 
could  all  be  tested  under  smiilar  con- 
ditions at  a  central  laboratory.  Here, 
again,  he  had  in  mmd  globes  and  re- 
flectors employed  for  ordinary  practical 
lighting  problems.  Fancy  glassware  of 
an  ornamental  kind  would  naturally  fall 
into  a  different  category,  as  definite  pre- 
dictions of  the  illumination  provided 
were  not  so  important  in  this  case.  But 
in  commercial  lighting  the  tendency  was 
to  standardise  lighting  units  so  that  the 
illumination  required  could  be  specified 
beforehand  and  provided  subsequently, 
and  in  order  that  this  should  be  done 
successfully  specification  of  both  lamps 
and  reflectors  was  needed. 

As  regards  the  qualities  of  glass  re- 
quired in  the  lighting  industry,  one  of  the 
most  urgent  problems  was  undoubtedly 
the  production  of  suitable  "  heat-resist- 
ing "  globes.  The  extremely  valuable 
work  done  by  the  Glass  Research  Com- 
mittee of  the  Institute  of  Chemistry  had 
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shown  what  could  be  done  in  connection 
with  laboratory  glassware,  and  he  thought 
that  the  extension  of  their  researches,  so 
as  to  include  glassware  required  in  the 
lighting  industry,  might  lead  to  most 
useful  results.  The  whole  question  was 
one  for  co-operation  between  the  various 
parties  concerned,  and  he  welcomed  the 
suggestion  that  the  Illuminating  Engineer- 
ing Society  should  appoint  a  Committee 
to  deal  with  the  matter,  and  to  promote 
the  necessary  co-operation  with  other 
institutions  concerned. 

Mr.  W.  M.  Mason,  speaking  on  the 
practical  side  from  the  gas  point  of  view, 
said  that  five  or  six  of  the  largest  munici- 
palities or  companies  in  the  United  King- 
dom had  an  annual  turn-over  amounting 
to  no  less  than  three  million  different 
items  of  glassware,  of  a  value  of  at  least 
£50,000.  Perhaps  this  would  be  of  some 
interest  to  glass  manufacturers  in  en- 
couraging them  to  cater  for  this  trade. 
At  the  recent  British  Industries  Fair  he 
failed  to  find  that  any  glass  manufacturer 
was  prepared  to  do  anything  on  a  really 
substantial  scale,  and  it  was  put  to  him 
quite  plainly  that  the  position  was  that 
glass  manufacturers  would  not  put  down 
£10,000  or  £20,000  worth  of  new  plant 
for  the  gas  industry  with  the  prospect 
that  imniediately  the  war  was  over 
orders  would  again  be  given  to  Austria 
and  Germany. 

In  these  circumstances,  the  formation 
of  a  Committee,  which  might  make  some 
working  arrangement  with  the  gas  com- 
panies and  municipalities  to  support 
those  people  who  were  prepared  to  invest 
money  in  the  glass  business,  would  be 
a  useful  step.  He  was  delighted  to  find 
only  yesterday  that  a  Glasgow  firm  had 
come  to  the  rescue  and  were  actually 
making  glass  to  replace  Austrian  glass, 
and  were  prepared  to  still  further  extend 
their  activities  in  this  line.  He  thought 
that  the  Society  might  suggest  some 
means  by  which  English,  Scotch,  and 
Irish  gas  undertakings  would  take  a 
certain  amount  of  their  glassware  from 
firms  who  were  willing  to  go  into  the 
business ;  if  this  were  done  then  he 
ni,atter  was  solved. 

Mr.  R.  W.  Hood  (Edison  and  Swan 
United   Electric   Light  Co.,   Ltd.),    said 


that  some  degree  of  standardisation  would 
undoubtedly  be  very  helpful  to  glass 
manufacturers.  In  the  electrical  trade 
alone  there  were  no  less  than  200  different 
types  of  bulbs,  and  he  could  not  think 
that  so  many  varieties  were  necessary. 

He  quite  agreed  that  the  scientific  study 
of  the  composition  of  glass  for  various 
purposes  was  very  necessary.  At  the 
same  time  he  thought  that  those  in- 
terested in  the  preparation  of  formulae 
should  reoognise  the  practical  difficulties 
in  making  glass  to  schedule.  For  ex- 
ample, there  were  some  materials  which 
could  not  be  obtained  in  a  state  of  perfect 
purity,  and  a  minute  percentage  of 
certain  impurities  would  at  once  exercise 
an  effect  on  the  colour  or  opacity  of  the 
glass.  Such  impurities  might  occur  in 
the  materials  supplied  for  mixing,  but 
might  also  even  enter  into  the  mixture 
by  being  absorbed  from  the  material  of 
which  the  pot  was  made. 

Another  important  point  was  the 
temperature  attainable.  It  was  well 
known  that  the  majority  of  the  furnaces 
used  in  this  country  employed  solid  fuel, 
and  in  this  case  one  could  not  conveni- 
ently attain  the  temperature  reached  in 
the  gas-heated  furnaces  largely  employed 
abroad.  The  furnaces  answered  per- 
fectly for  the  kind  of  glass  we  in  this 
country  were  accustomed  to  mak<',  but 
could  not  at  once  be  applied  to  making 
those  glasses,  hitherto  mainly  imported, 
which  could  only  be  made  at  a  very  high 
temperature.  He  hoped,  however^  that 
this  country  would  shortly  be  in  a  better 
position  in  this  respect. 

The  point  deserved  consideration,  be- 
cause it  was  quite  possible  to  work  out 
a  formula  which  could  be  used  for  pro- 
ducing heat-resisting  glassware  on  a  small 
scale,  but  might  be  restricted  in  practical 
application,  because  few  manufacturers 
had  the  facilities  for  applying  it. 

Further,  the  same  mixture  at  different 
furnace  temperatures  ii  ay  give  entirely 
different  results. 

Mr.  Guy  Campbell  thought  that  it 
would  be  some  years  before  Emzlish  glass 
manufacturers  would  l)e  able  to  provide 
the  capacity  to  meet  all  the  requirements 
of  the  lighting  trade. 

It  might  interest  Mr.  Langlands  to 
know   that    with    regard    to    the    white 
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pressed  glass  variety  of  lines,  althouoh 
there  have  been  attempts  to  produce  this 
excellent  Cjuality  of  diffusing  glassware  in 
Europe,  they  did  not  meet  with  success. 
Its  production  is  mainly  a  matter  of 
formula. 

With  regard  to  artificial  colour-match- 
ing, it  is  most  satisfactory  that  with  the 
improvement  of  illuminants  the  difficulty 
of  colour-matching  artificially  grows  less. 
Many  years  ago  someone  was  responsible 
for  the  use  of  coloured  glass  in  connection 
with  the  arc  lamp  to  obtain  a  colour- 
matching  unit.  This  was  placed  on  the 
market  in  connection  with  "'  Jandus  "  arc 
lamp,  but  little  is  heard  of  it  to-day. 
The  glass  plate  with  two  films  shown  by 
Dr.  Kenneth  Mees  before  this  Society, 
and  which  gives  approximate  daylight 
results  with  the  tungsten  lamp,  has  not 
been  widely  used,  neither  have  the 
electric  lamps  mentioned  by  Mr.  Lang- 
lands.  It  seems  we  must  wait  for  the 
new  unit  which  will  give  without  assist- 
ance of  any  kind  direct  results  before 
consumers  will  take  kindly  to  artificial 
colour-matching  units. 

As  to  standardisation  of  quality,  this 
was  really  a  C{uestion  of  price.  The 
higher  the  price  the  better  the  quality, 
and  whilst  there  were  two  or  three  classes 
of  customers  a  cheap  market  like  India 
and  an  expensive  market  like  this 
country,  two  qualities  must  be  produced. 
A  standardisation  of  materials  to  be 
used  in  the  manufacture  of  glassware  is 
not  likely  to  be  appreciated  by  the  manu- 
facturers, who  generally  have  their  own 
views  on  the  mixture  they  consider  likely 
to  produce  the  most  satisfactory  results  ; 
it  would,  therefore,  be  a  difficult  matter 
to  procure,  while  possible  improvements 
might  be  neglected. 

The  standardisation  of  designs,  shapes, 
dimensions,  etc.,  is  a  splendid  idea  from 
a  glass  manufacturing  point  of  view,  but 
any  committee  formed  to  deal  with  it 
would  be  up  against  a  very  bi<r  problem, 
because  it  would  mean  that  all  manu- 
facturers of  gas  burners  and  lanterrs, 
electric  incandescent  and  arc  lamps, 
would  have  to  strictly  follow  the  said 
lines,  and  therefore  the  existing  tools, 
equipment,  and  in  some  cases  patents  of 
such  manufacturers  would  be  worthless. 
There  was  the  aesthetic  side  to  consider, 
because  we  did  not  always  want  to  see 


the  same  size  and  shape  everywhere  : 
further,  also,  the  human  element  came  in 
here,  because  manufacturers  invariably 
when  they  brought  out  something  new 
wanted  it  to  be  different  from  any  other 
product,  apart  from  the  logical  fact  that 
all  improvements  in  lighting  do  generally 
and  very  considerably  differ  from  its 
predecessor.  Take  the  fish-tail  burner 
and  the  modern  high -pressure  inverted 
incandescent  gas  burner  :  the  first  Edison 
carbon  lamp  and  the  latest  gas-filled  lines, 
all  of  which  are  in  use,  needing  an  entirely 
different  glass  accessory  or  ornament, 
while  decoration  is  a  fashion. 

The  suggestion  that  there  should  be  an 
independent  testing  laboratory  for  all 
illuminating  engineers  was  a  good  one 
and  it  might  be  arranged,  for  no  doubt 
financial  help  would  be  forthcoming  from 
the  large  gas  and  electrical  undertakings. 

Mr.  Edward  C.  Barton,  referring  to 
Mr.  Trotter's  remarks  on  glass  for  trans- 
mitting light  of  various  colours,  absorbing 
or  transmitting  ultra  \'iolet  light,  &c., 
mentioned  a  very  useful  paper  by  Pro- 
fessor P.  Mercanton,  published  recently 
I  believe — in  1910  or  1911 — in  the  Pro- 
ceedings of  the  Societe  Vaudoise  of 
Lausanne.  This  contained  a  very  com- 
plete summary  of  the  qualities  of  special 
varieties  of  coloured  glass,  the  results  of 
photometric  and  spectroscopic  analyses 
being  given. 

Mr.  George  Herbert  exhibited  three 
very  unsatisfactory  screwed  well  glasses 
of  English  manufacture  ;  all  were  selected 
from  the  same  consignment  and  all 
supposed  to  be  of  the  same  dimensions, 
quality,  &c. 

He  explained  that  whereas  one  was 
very  light  and  brittle,  another  was  too 
small  for  the  screw  it  was  intended  to 
fit,  whilst  the  third  was  too  large. 

The  object  of  showing  these  glasses 
was  to  impress  upon  the  manufacturers  of 
this  country  the  necessity  of  making  a 
standard  article  which  would  be  accept- 
able for  use  in  explosive  factories  (as  it 
is  usually  stipulated  that  these  glasses 
must  not  exceed  certain  dimensions),  and 
on  account  of  the  English  manufacturers 
not  meeting  these  requirements,  orders 
have  passed  them  and  been  placed  with 
firms  abroad. 
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Mr.  Ed.  Dobbins  {communicated) : 
Your  invitation  to  participate  in  the 
Discussion  at  the  last  meeting  of  the 
Illuminating  Engineering  Society  on  some 
aspects  of  the  design  and  use  of  window 
glass  for  Natural  Illumination  was  much 
appreciated,  and  I  am  sorry  that  I  found 
it  impossible  to  attend.  I  have,  how- 
ever, much  pleasure  in  sending  a  short 
written  contribution  on  the  subject. 

The  design  of  such  glass  forms  quite 
an  important  section  of  glassware  used 
for  lighting  purposes,  not  only  in  connec- 
tion with  admission  of  light  through 
windows  in  the  case  of  buildings  over- 
shadowed by  neighbouring  obstructions, 
but  also  as  regards  pavement  lights,  &c., 
for  basements  and  underground  passages. 

During  the  last  few  years  I  have  visited 
a  very  large  number  of  factories  in  this 
country,  and  have  been  struck  by  the 
care  some  proprietors  bestow  on  the 
frequent  cleaning  of  window  glass  and 
the  preservation  of  a  light  tint  for  ceilings 
and  walls,  by  which  alone  a  very  great 
improvement  in  the  amount  and  dis- 
tribution of  light  has  often  been  obtained. 
Seeing  how  great  a  proportion  of  the  work 
of  a  factory  is  carried  on  by  daylight,  the 
proper  utilisation  of  daylight  is  surely  of 
commercial  importance,  both  in  its 
relation  to  the  amount  of  work  done  and 
its  influence  on  the  ease  with  which 
operations  can  be  carried  out,  and  in 
view  of  the  hygienic  value  to  the  workers 
of  good  natural  illumination.  In  the 
case  of  buildings  of  a  somewhat  anti- 
quated type,  with  small  windows,  or 
buildings  where  the  loss  of  daylight 
through  the  obstruction  of  trees  or  sur- 
rounding buildings  is  considerable,  the 
use  of  accessories  to  increase  the  amount 
of  light  entering  the  rooms  is  particularly 
important.  For  this  purpose  light  re- 
fracting glass  panes  which  serve  to  divert 
into  the  room  a  considerable  amount  of 
downward  light,  which  otherwise  w^ould 
not  be  utilised,  is  frequently  of  consider- 
able service  ;  if;  by  such  means,  the  dura- 
tion of  time  during  which  tlie  room  can  be 
lighted  by  natural  means  without  it  being 
necessary  to  employ  artificial  light  can 
be  even  slightly  increased,  tlie  resultant 
saving  nxay  more  than  coni])eJisate  for 
the  cost  of  installing  the  special  glass. 
Another  point  to  be  noted  is  that  in 
many  cases  it  is  essential  that  a  form  of 


glass  should  be  used  which  obstructs  the 
vision  from  within  or  without ;  therefore 
it  is  worth  while  to  select  a  glass  which, 
besides  having  the  necessary  obscuring 
effect,  increases  the  percentage  of  day- 
light available.  I  understand  that  the 
Society  has  devoted  attention  to  the 
question  of  specifying  for  buildings  a 
minimum  percentage  of  the  total  un- 
restricted daylight  illumination  which 
should  find  access  to  a  soom  Properly 
designed  window  glass  would  often  be 
useful  in  bringing  this  figure  up  to  the 
proposed  value. 

As  regards  the  nature  of  this  special 
prismatic  window  glass,  the  correct 
shaping  of  the  prisms  so  as  to  diffuse  the 
light  longitudinally  and  horizontally,  so 
that  inconvenient  shadows  are  eliminated 
and  the  light  is  directed  into  the  room 
at  the  requisite  angle,  requires  some  care. 
The  design  of  the  surfaces  is  also  affected 
by  practical  conditions.  For  example, 
some  forms  of  glass  have  too  many  lines 
on  their  surface,  making  them  very  ditti- 
cult  to  clean,  and  causing  an  obstruction 
of  20 — 30  per  cent,  of  the  light.  It  must 
also  be  borne  in  mind  that  the  allocation 
of  window  space  in  a  room  is  usually  a 
compromise  between  lighting  and  heating 
conditions.  As  ordinarily  used  the  glass 
should  redirect  the  light  in  such  a  way  as 
to  increase  substantially  the  illumination 
at  points  in  the  room  most  distant  from 
the  window,  this  securing  additional  light 
without  structural  alterations.  In  very 
hot  and  sunny  districts,  however,  this 
inay  occasion  an  undesiral^le  rise  in 
temperature.  In  such  cases  we  have 
sometimes  installed  the  glass  in  the 
reverse  position  so  as  to  direct  the  light 
upwards  on  to  the  ceiling.  This  method 
of  working  on  the  '*  indirect  lighting  " 
])rinci])le  with  daylight  gives  excellent 
diffusion. 

Naturally  the  degree  to  which  the  rays 
of  light  are  diverted  dej)ends  on  the 
«|uality  of  the  glass,  and  for  our  purjiose 
glass  having  a  comparatively  high  index 
of  refraction  is  essential.  The  glass 
should  also  be  colourless  and  transparent. 
We  have  no  dilliculty  in  getting  the 
desired  kind  of  glass  manufactured  in 
this  country. 

Mr.  H.  Ilrcu  W.m.i-oud  [Messrs.  Chance 
Bros.  &    Co.]    {communicated) : — I  regret 
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that  pressure  of  work  does  not  permit  my 
being  present  to  hear  and  discuss  the 
many  interesting  points  so  ably  introduced 
by  Mr.  Langlands.  I  should  have  been 
glad  of  the  opportunity  of  drawing 
attention  to  the  many  difficulties  with 
which  one  is  surrounded  at  the  present 
time  in  endeavouring  to  meet  the  urgent 
and  sudden  demand  brought  about  by  the 
war  for  heat  resisting  glass. 

Members  present  will  fully  appreciate 
that  skilled  glass  workers  are  not  only 
extremely  scarce,  but  are  in  exceptional 
demand  for  the  manufacture  of  other 
kinds  of  glass  vitally  important  to  the 
nation  at  this  juncture.  Moreover  the 
manufacture  of  heat  resisting  glass  of 
Jena  quality  is  entirely  new  to  us,  and 
there  are  many  special  features  in  con- 
nection with  it  which  are  full  of  difficulties 
at  the  present  time. 

I  mention  these  points  in  order  to 
solicit  the  patience  and  consideration 
of  lamp  makers  and  others.  We  have 
succeeded  in  making  heat  resisting  glass 
similar  to  the  Jena  glass,  and  we  are 
to-day  sending  out  globes  which  we  are 
given  to  understand  are  in  every  respect 
equal  to  or  better  than  the  German 
product.  Our  output  is  of  necessity 
limited  by  the  exigencies  of  present 
conditions,  but  we  hope  that  with  the 
co-operation  of  buyers  we  may  before 
long  be  able  to  meet  the  demand. 

There  is  practically  only  one  direction 
in  which  this  co-operation  can  materially 
assist  this  result,  and  that  is  the  standard- 
isation of  sizes,  to  which  Mr.  Langlands 
has  referred.  There  are  scores  of  varieties 
of  globes  almost  identical  in  shape  and 
weight,  but  differing  by  millimetres  in  rim 
diameter  or  in  other  dimensions  which  are 
in  no  way  essential  to  the  purpose  for 
which  the  globe  is  used.  This  sort  of 
thing  makes  it  utterly  impossible  for  a 
manufacturer  to  keep  a  stock,  and  also 
adds  materially  to  the  cost  of  the 
individual  globes.  It  might  not  be  so 
serious  if  labour  and  other  things  such  as 
materials  and  fuel  were  plentiful  and  the 
demand  normal,  but  in  the  present  cir- 
cumstances, it  is  simply  checking  and 
hampering  the  progress  of  the  manu- 
facturer, and  giving  rise  to  considerable 
hesitation  as  to  the  advisability,  or  even 
possibility,  of  seriously  going  into  the 
teade  on  permanent  commercial  lines. 


I  do  press  most  earnestly  the  point  of 
standardisation  of  sizes  and  shapes, 
without  which  it  is  hardly  too  much  to 
say  that  the  future  of  the  manufacture 
of  heat  resisting  glass  in  this  country 
can  scarcely  hope  to  be  estabUshed. 

Messrs.  Stevens  and  Williams  Ltd., 
Stourbridge,  write  as  follows  : — "  We 
have  given  a  good  deal  of  attention  to 
lighting  glass  but  mostly  for  artistic 
lighting  in  private  houses.  We  are  in 
accord  with  the  expressions  in  the 
address  as  to  the  need  of  standardising 
various  kinds  of  glass  and  the  dimen- 
sions of  the  glassware  used  in  the  lighting 
industry,  but  it  seems  to  be  a  problem 
of  considerable  difficulty.  Owing  to  the 
scientific  knowledge  of  glass  gained  by 
the  Germans  through  the  establishment 
of  the  Jena  laboratories,  they  were  able 
to  capture  the  bulk  of  the  lighting 
industry,  and  we  feel  confident  that  if 
efforts  were  made  in  the  direction  of 
scientific  investigation  in  this  country, 
backed  by  the  Government,  England 
would  be  in  a  far  better  position  than 
formerly  to  compete  in  the  markets  of 
the  world." 

Mr.  W.  C.  Clinton  (communicated)  : 
I  have  read  the  copy  of  the  paper  which 
you  kindly  forwarded  to  me  and  consider 
it  highly  suggestive,  although  one  cannot 
quite  agree  with  all  the  proposals  made  by 
the  author. 

It  is  doubtful  whether  we  have  attained 
that  pitch  of  perfection  in  the  manu- 
facture and  design  of  glassware  that 
would  make  standardising  desirable  as 
suggested  in  proposals  (1),  (2)  and  (4), 
but  (3)  and  (5)  are  deserving  of  serious 
attention. 

Behind  all  this,  though,  lies  the  ques- 
tion of  the  Governmental  attitude  to 
specialised  industries  in  general. 

Alderman  R.  Burtles  [Messrs.  Biurtles 
Tate  and  Co.],  Member  of  the  Lighting 
and  Gas  Committees  of  the  Manchester 
Corporation  {communicated) : — I  have  read 
with  considerable  interest  the  paper  by 
Mr.  Langlands,  a  proof  of  which  you 
kindly  sent  me,  and  much  regret  being 
unable  to  be  present  at  the  discussion. 

Since  the  war  our  firm,  along 
with  other  firms,  has  gone  in  for  glass- 
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ware  for  lighting  purposes  and  I  can  fully 
endorse  the  importance — the  very  great 
importance — of  standardisation  not  only 
of  the  materials  used  in  the  various  kinds 
of  glassware  used  in  the  lighting  industry 
but  also  in  the  sizes  of  the  glassware 
required.  At  the  present  time  every 
lamp  maker  seems  to  go  in  for  a  special 
size  of  his  own,  causing,  as  Mr.  Langlands 
states,  much  inconvenience  besides  mak- 
ing it  necessary  to  carry  so  much  extra 
stores.  Even  railway  companies  are  the 
same  in  this  respect,  almost  every  com- 
pany having  its  own  sizes  of  glass  bowls 
for  lighting  the  carriages. 

With  regard  to  heat-resisting  proper- 
ties of  British-made  glass  globes  there 
is  a  great  deal  to  be  said  in  regard 
to  the  regular  distribution  of  the  glass 
throughout  the  globe  and  the  reason 
these  globes  are  now  so  much  improved 
since  the  British  manufacturers  com- 
menced making  them  is  that  the  opera- 
tive glass  maker,  being  continuously 
making  various  sizes  of  globes  has,  by 
practice,  become  more  efficient  in  this 
respect,  blowing  the  globes  out  more 
regular  in  thickness.  It  must  follow  that 
irregular  distribution  of  glass,  leading  to 
variation  in  thickness  of  the  globe, 
makes  it  more  difficult  for  them  to  with- 
stand the  varying  temperatures  to  which 
they  are  subjected.  Hence  it  is  question- 
able whether  all  the  blame  attributed  to 
the  composition  of  the  glass  is  due  to  that 
cause  alone  ;  and  as  it  is  expected  that 
this  trade  will  remain  in  the  country 
after  the  war  there  is  no  doubt  that 
British  manufacturers  will  be  able  to 
work  up  to  the  necessary  efficiency. 

In  my  opinion  the  addition  of  a  certain 
amount  of  lead  oxide  (red  lead)  to  the 
composition  of  the  mixing  tends  to 
mellow  the  glass,  enabling  it  to  be  worked 
more  uniformly,  and  would  also  tend  to 
assist  the  contraction  and  expansion 
caused  by  the  varying  degrees  of  heat 
inherent  to  their  use. 

Mr.  Duncan  Webb  (Messrs.  Molineaux, 
Webb  and  Co.,  Ltd.)  :  The  decline  of  the 
glass  industry  in  this  country  is  mainly 
due  to  costs  of  manufacture.  The 
German  and  Austrian  glasses  are  very  in- 
expensive, and  the  readiness  with  which 
they  break  is  accountable  for  the  enor- 


mous trade.  Good  quality  is  never 
attained  at  a  low  cost. 

I  think  comparative  tests  of  glasses  of 
different  chemical  composition  and 
physical  properties,  construction,  &c., 
would  result  in  the  production  of  a  better 
article  than  the  imported  varieties. 
>Sueh  tests  should  be  on  a  practical  scale, 
not  merely  laboratory  research,  and  the 
cost  should  be  defrayed  by  the  Govern- 
ment. Unless,  however,  the  manufacture 
can  be  carried  on  in  this  country  with 
profit,  this  will  not  revive  the  industry. 

As  regards  the  technical  question,  I 
would  remark  that  lead  does  not  cause 
"  fog/'  as  I  understand  the  term,  and  I 
have  made  thousands  of  tons  of  lead 
Mjass.  The  cause  is  well  known,  and  the 
fault  occurs  in  any  ghiss  of  unstable 
composition. 

Mr.  F.  W.  Thorpe,  Verity's,  Ltd. 
{communicated)  : — We  are  still  dependent 
upon  foreign  suppliers  for  glassware 
principally  for  the  reason  that  an  English 
maker  will  not,  or  cannot,  blow  or  press 
other  than  prismatic  glass  into  a  mould  ; 
therefore  one  dreads  to  adapt  English 
white  glassware  for  semi- indirect  lighting 
for  the  trouble  that  ensues.  Further,  we 
are  unable  to  develop  lighting  fixtures  to 
our  own  ideas  through  failure  in  finding 
a  glassmaker  to  carry  them  out,  and, 
consequently,  being  forced  to  employ 
pressed  glassware  from  America,  which, 
in  many  instances,  is  first  imported  from 
the  Continent. 

Occasionally  one  finds  a  bowl  or  shade 
well  thought  out  in  design  and  which  it  is 
possible  to  use  on  a  good  lighting  fixture, 
but  what  gain  or  advantage  is  there  in 
using  the  productions  of  other  countries, 
being  always  compelled  by  lack  of  local 
supply  to  follow,  instead  of  to  lead,  others 
in  ideas  concerning  illumination  ?  We 
could  produce  designs  more  suitable  to 
our  own  requirements  if  a  source  of 
manufacture  could  be  found. 

Much  could  be  done  by  co-operation 
between  the  glassmakers  and  the  Illumin- 
ating Engineering  Soeiety  as  suggested  by 
Mr.  Langlands,  es])eeially  with  a  view  to 
standardising  bowls  and  reflectors  required 
for  commercial  and  general  lighting, 
which  would  undoubtedly  assist  in  the 
establishment  of  a  sound  British  glass 
industry.     The  serious  shortage  of  good 
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glassware,  and  the  necessity  for  avoiding 
large  size  bowls,  is  leading  to  the  evolution 
of  a  new  type  of  fixture  in  the  form  of  a 
series  of  three,  five  or  more  small  English 
bowls  supported  by  metal,  or  other 
material,  designed  to  support  the  glass 
without  in  any  way  causing  inconvenient 
shadows.  This  system  is  very  convenient 
for  it  avoids  the  use  of  single  high  units 
which  are  very  expensive  and  which,  for 
reasons  of  economy,  are  being  substituted 
by  a  series  of  smaller  half-watt  lamps. 
This  system  obviates  the  use  of  imported 
glassware  and  architects  have  been 
quick  to  realise — judging  from  recent 
domestic  and  public  installations — that 
this  method  of  lighting  lends  itself  so 
much  more  to  variety  of  decorative  treat- 
ment than  the  bowl  type  of  fixture  one 
sees  in  every  shop,  invariably  of  the  same 
outline,  and  nearly  always  the  same  in 
illuminating  effect.  One  welcomes  a  design 
away  from  their  monotony.  The  present 
glass  difficulty  is  rapidly  leading  to  the 
development  of  a  new  type  of  scientific 
lighting  fixture. 

Mr.  S.  B.  Laxglaxds,  in  reply,  ex- 
pressed his  thanks  to  the  meeting  for  the 
very  interesting  discussion  which  had 
taken  place  upon  his  paper.  He  was  glad 
to  be  confirmed  in  his  view  as  to  the 
manner  in  which  the  Board  of  Trade  had 
helped  in  many  matters  since  the  war. 
His  experience  was  that  the  Board  was 
always  ready  to  step  forward  and  try  to 
assist,  and  in  his  opinion  the  Board 
had  risen  to  the  occasion  as  far  as  their 
limited  opportunities  had  allowed. 

As  to  standardisation,  he  appreciated 
the  need  for  avoiding  hardship  or  limiting 
progress,  but  he  thought  at  present  there 
were  needless  variations.  The  matter 
had  been  brought  to  his  notice  by  the 
electrical  engineer  in  one  of  the  boroughs 
in  connection  with  the  question  of  arc 


lamp  globes.  He  {Mi.  Langlauds)  was  at 
the  time  using  one  type  of  globe  vnth  two 
or  three  types  of  lamps,  his  department 
adapting  the  globes  in  order  to  obtain 
satisfactory  distribution  of  light  in  each 
case.  It  would  seem  that  these  differ- 
ences were  multiplied  more  from  human 
caprice  than  any  real  necessity.  He  was 
glad  to  have  Mr.  Stroud's  remarks  on 
standardisation  and  he  still  held  that 
there  could  be  a  very  large  amount  of 
standardisation  without  interfering  with 
development  and  ingenuity.  Eational 
standardisation  was  required. 

He  hoped  that  the  Institute  of  Chemis- 
try would  extend  their  good  work  to 
lighting  glassware.  He  could  quite  under- 
stand that  glass  makers  might  experience 
difficulties  applying  some  formulae,  but 
these  workshop  difficulties  were  eventually 
overcome.  The  glazing  of  workshops  had 
been  mentioned  in  one  of  the  letters  read 
by  Mr.  Dow,  and  in  this  connection  it 
might  be  interesting  to  say  that  one  of  the 
big  munitions  factories  in  Glasgow  had 
been  constructed  from  glass  from  top  to 
bottom,  and  from  the  daylight  lighting 
point  of  view  was  one  of  the  most  ideal 
workshops  in  the  city.  Moreover  when 
working  at  night  with  artificial  light  the 
ulass  contributed  a  considerable  amount 
of  reflected  light. 

Mr.  Trotter  had  referred  to  opal  glass, 
and  America  had  undoubtedly  made  great 
developments  in  this  branch.  In  this  con- 
nection he  would  like  to  draw  attention 
to  a  paper  published  in  America  called  the 
"  American  Glass  Budget."  In  the  last 
issue  of  this,  a  lot  of  good  information  was 
published.  The  Americans  were  bringing 
in  machinery  for  doing  by  centrifugal 
forces  what  had  hitherto  been  done  by 
the  blowpipe. 

A  hearty  vote  of  thanks  was  accorded 
to  Mr.  Langlands  at  the  conclusion  of  the 
discussion. 


PERSONAL. 

An  agreement  has  been  concluded  with  Mr.  Clifford  C.  Paterson,  M.I.E.E., 
A.M.I.C.E.,  principal  Assistant  in  charge  of  Electro-technical  and  Photometric  Build- 
ings at  the  National  Physical  Laboratory,  to  join  the  Osram-Robertson  Lamp  Works 
Ltd.  as  Director  of  Laboratories  for  Research  and  Technical  Manufacturing  purposes. 
The  arrangement  will  commence  at  the  conclusion  of  the  war  or  before  that  date, 
if  possible. 
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THE  CANDLEPOWER  OF  SERIES  GAS- 
FILLED  LAMPS. 

It  is  well  known  that  the  distribution 
of  light  from  half-watt  lamps  varies  con- 
siderably and  that  the  ordinary  method 
of  rating  stich  lamps  in  terms  of  the  hori- 
zontal candlepower  is  unsatisfactory. 

Some  useful  evidence  on  this  point  is 
contained  in  some  experiments  by  R.  C. 
Robinson,  carried  out  in  the  United 
States*  on  four  types  of  series  gas-filled 
lamps  having  filaments  respectively 
vertical,  horizontal,  diagonal  and  V- 
shaped.  For  these  four  lamps  the  follow- 
ing data  were  obtained  : — 


It  is  pointed  out  that  this  method  is  much 
more  convenient  than  the  production  of 
uniform  illumination  by  means  of  a 
diffusing  glass  ceiling  and  the  difficult 
problem  of  securing  even  illumination 
over  the  expanse  of  wall  is  quite  economi- 
cally and  satisfactorily  solved. 

The  light  enters  the  room  in  a  similar 
manner  to  daylight  and  the  lamps  being 
quite  out  of  the  range  of  view  from  the 
floor  there  is  no  risk  of  glare.  In  this 
room  there  are  forty-four  100-watt  gas- 
filled  tungsten  lamps  installed.  The 
expenditure  of  energy  works  out  to  42 
watts  per  linear  foot  of  wall. 


Volts. 

Amp. 

Watts. 

Mean  Horizontal, 

Mean  Spherical. 

Reduc- 

Filament mounting. 

Candle 
power. 

Watts 

per 
candle. 

Candle 
power. 

Watts 

per 
Candle. 

tion 
factor. 

V  shaped   

Vertical 

Horizontal     

Diagonal    

9-5 
10-76 
10-73 
11-2 

6-97 
7-02 
7-07 
6-93 

66-2 
75-5 
75-9 
77-5 

100-7 

126-8 

93-5 

122-0 

0-66 
0-595 
0-82 
0-635 

82-5 
93-7 
95-2 
97-2 

0-805 
0-805 
0-800 
0-815 

0-82 
0-74 
101 
0-78 

In  view  of  the  varying  character  of  the 
reduction  factor  it  would  seem  that  such 
lamps  are  best  specified  in  terms  of  their 
mean  spherical  and  not  their  mean  hori- 
zontal candlepower. 

LIGHTING   A    SMALL   ART    GALLERY 
WITH  GAS-FILLED  LAMPS. 

In  a  recent  number  of  the  Electrical 
World  the  lighting  of  J.  J.  Hill's  private 
gallery  at  St.  Paul,  Minn.,  U.S.A.,  is 
described  by  A.  L.  Abbott. 

The  gallery  is  equijiped  with  a  sky- 
light and  the  artificial  illumination  was 
provided  by  installing  above  the  glass 
a  series  of  gas-filled  lamps  with  concen- 
trating reflectors.  The  lamps  were  in- 
clined so  as  to  direct  the  light  diagonally 
on  to  the  walls  of  the  room  and  in  this  way 
an  illumination  of  about  6|  foot-candles 
was  evenly  distributed  over  the  wall-arca_ 

*  Lighting  Journal,  March  1916. 


HEADLIGHTS    FOR    RAILWAY-TRACK 
LAYING. 

A  recent  article  in  Popular  Mechanics 
describes  the  construction  by  night  of  a 
strategic  railway  in  South  Africa.  As  the 
railway  was  being  built  the  foremost  truck 
carried  a  50  ft.  boom  projecting  in  front 
of  it  and  bearing  a  series  of  100  cp. 
electric  lamps  mounted  in  reflectors  and 
throwing  the  light  downwards  on  Ihc 
section  of  track  being  jjrepared.  The 
truck  also  carried  a  pair  of  projectors  for 
casting  a  horizontal  beam  on  the  more 
distant  parts  of  the  track,  illuminating  it 
for  a  distance  of  120  feet.  A  strong  down- 
ward illumination  was  thus  continuously 
directed  on  the  portions  of  the  track  under 
construction,  and  as  the  train  moved 
forward  on  the  newly  laid  rails  a  new 
section  would  be  continually  liglited  up 
ready  for  work.  The  electricity  for  the 
lamps  was  derived  from  a  dynamo  driven 
from  a  5  h.p.  oil  engine  mounted  on  the 
truck. 

n  9 
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A  SUGGESTED  CODE  OF  LIGHTING   FOR  FACTORIES, 
MILLS  AND   OTHER  WORK  PLACES   IN   THE    UNITED 

STATES. 


Presented  at  the  Ninth  Annual  Convention  of  the  Illuminating  Engineering  Society,  U.S.A.,  held 
in  Washington,  September  20th  to  24th,  1915  ;  abbreviated.) 

{Concluded  from  Vol.  VIII.,  page  455.) 


Section  X.  Systematic  procedure  should 
be  followed  in  changing  a  Poor  Lighting 
System  over  to  an  improved  arrangement. 

Using  the  Shop  Force. — In  large  fac- 
tories or  mills,  a  wiring  or  gas  fitting  force 
is  sometimes  a  part  of  the  maintenance 
division.  The  work  of  the  wiremen  or 
fitters  is  likely  to  be  heaviest  in  the 
winter  due  to  the  dark  days.  Where  this 
condition  exists,  there  is  all  the  more 
reason  to  apportion  out  new  work  so  as  to 
accomplish  it  during  the  months  of  least 
wiring  and  piping  repair  activity,  and 
further,  at  that  time  of  the  year  when 
employees  will  be  comparatively  un- 
affected by  the  disturbances  usually 
associated  with  a  change  from  an  old  to 
a  new  lighting  system  through  possible 
irregularities  in  the  illumination  service 
while  the  wiremen  or  fitters  are  at  work. 

Distribution  of  Exjjense. — Another  fea- 
ture different  from  the  foregoing  view- 
point, is  in  the  distribution  of  the  in- 
stallation cost  over  a  relatively  long 
interval.  If,  for  example,  the  system  is 
desired  for  the  approaching  winter,  the 
complete  waring  or  piping  plans  may  be 
drawn  up  and  blocked  out  into  three,  four 
or  even  more  sections,  thus  spreading  the 
expense  over  as  many  months. 

Yearly  Appropriation. — In  some  shops 
a  given  appropriation  may  be  allotted  each 
year  for  building  equipment.  From  the 
standpoint  of  finance  plans,  it  may  thus 
be  desirable  to  distribute  outlays  of  this 
nature  over  the  year,  rather  than  to  con- 
centrate them  at  any  one  time.  An 
important  consideration  in  this  method  of 
installing  lamps,  however,  is  to  prepare  in 
as  far  as  possible  the  complete  jilans  in 
advance,  at  least  as  regards  given  factory 
or  mill  sections,  so  as  to  insure  a  uniform 
and  symmetrical  installation  as  a  whole 
when  the  component  parts  are  finished. 


Section  XI.  Reflectors  and  Their  Effect 
on  Efficiency. — A  reflector  or  shade  is  used 
in  conjunction  with  a  lamp  for  the  purpose 
of  reducing  the  glare  otherwise  caused  by 
looking  directly  into  the  bare  lamp,  as 
well  as  for  the  purpose  of  redirecting  the 
light  most  effectively  to  the  work. 

Eeflectors  and  shades  are  now  obtain- 
able so  designed  as  to  be  specially  adapted 
to  give  sizes  and  types  of  the  smaller  and 
medium  sized  line  of  lamps,  and  hence  care 
should  be  used  to  be  sure  that  both  re- 
flectors and  lamps  are  of  the  correct  size 
in  their  relation  to  each  other.  This  is  of 
the  utmost  importance  in  securing  uniform 
illumination  for  a  given  spacing  distance 
and  mounting  height  of  the  lamps.  For  a 
certain  ratio  between  the  spacing  and  the 
height  of  the  lamps,  a  reflector  can  nearly 
always  be  selected  which  will  furnish  uni- 
form illumination  over  the  working  sur- 
face. (These  remarks  concerning  re- 
flectors apply  particularly  to  lamps  of 
the  tungsten  type  and  to  small  gas 
units.) 

Function  of  Reflector. — Owing  to  the 
direction  of  the  light  from  the  lamp, 
nearly  all  types  of  lamps,  in  addition  to 
the  downward  light,  furnish  some  rays 
which  go  upwards  and  away  in  other 
directions  from  the  objects  to  be  illu- 
minated, and  are  therefore  relatively  not 
useful.  Furthermore,  a  bright  source  in 
the  field  of  vision,  causes  an  involuntary 
contraction  of  the  pupil  of  the  eye,  which 
is  ec[uivalent  to  a  decrease  in  illumination 
in  so  far  as  the  eye  is  concerned.  Hence, 
while  reflectors  or  shades  may  at  first 
seem  to  reduce  the  amount  of  light  in  the 
i;pper  part  of  the  room,  their  use  actually 
increases  the  amount  of  light  in  a  down- 
ward useful  direction,  and  improves  the 
"  seeing  "  due  to  the  better  conditions 
which  surround  the  eyes.     The  economic 
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function  of  the  reflector  as  contrasted  to 
this  easier  conditions  it  affords  the  eyes, 
is  to  intercept  the  otherwise  useless  or 
comparatively  useless  rays  which  do  not 
ordinarily  reach  the  work,  and  to  reflect 
them  in  a  useful  direction.  In  perform- 
ing this  function,  there  is  a  choice  through 
the  design  of  the  reflector,  in  the  manner 
of  distributing  the  light  so  as  to  make  the 
illumination  on  the  floor  space  uniform 
with  certain  spacing  distances  and  mount- 
ing heights  as  previously  mentioned. 

Avoiding  Dark  Spots. — With  the  use  of 
lamps  for  which  a  large  variety  of  re- 
flectors is  available,  the  proper  reflector 
should  therefore  be  chosen  so  as  to  give 
the  desired  distribution  of  light.  In  other 
cases,  as  in  the  use  of  the  gas  or  electric 
arc  lamps,  where  the  globe  or  reflector  is 
usually  a  fixed  part  of  the  lamp,  care  must 
be  exercised  to  space  the  lamps  at  suffi- 
ciently close  intervals  to  insure  uniformity 
of  the  illumination,  that  is,  a  freedom 
from  the  relatively  dark  spaces  which 
exist  between  lamps  when  spaced  too  far 
apart. 

Light  Interiors. — With  a  light  ceiling, 
the  reflection  of  that  part  of  the  light 
which  passes  through  a  glass  reflector  to 
the  ceiling,  and  which  is  added  to  the 
light  thrown  downward  from  the  under 
surface  of  the  reflector,  is  a  factor  in 
building  up  the  intensity  of  the  illumina- 
tion on  the  working  surface.  Great 
importance  is  therefore  attached  to  light 
interior  colours,  especially  on  ceilings  and 
the  upper  portions  of  ivalls,  both  in  rein- 
forcing the  direct  illumination,  and  in 
giving  diffusion,  which  in  turn  adds  to  the 
amount  of  light  received  on  the  side  of  a  piece 
of  ivork.  It  should  also  be  stated  that  the 
intensity  of  the  light  from  bare  overhead 
lamps  when  measured  on  the  ivorJcing  surface 
may  be  increased  by  as  much  as  60  per  cent, 
through  the  use  of  efficient  reflectors.  This 
is  due  to  the  utilization  of  the  horizontal 
rays  of  light  as  j^reviou.sly  stated,  which 
predominate  in  the  bare  lamp,  whereas 
the  most  effective  light  in  factory  and 
mill  work  is  apt  to  be  that  which  is 
directed  downward. 

Glass  and  Metal  Reflectors  Compared. — 
The  question  is  sometimes  raised  as  to  the 
use  of  glass  reflectors  in  connection  with 
lamps  for  factory  and  mill  lighting.  This 
question  is  largely  one  of  economy  and 


maintenance,  and  it  may  be  answered 
either  in  an  off-hand  way  or  on  a  basis  of 
practical  experience  with  both  types. 

In  large  installations  of  small  units 
there  has  been  an  effort  to  establish  the 
merits  of  glass  and  of  metal  reflectors,  by 
equipping  lamps  in  adjacent  bays  with 
glass  reflectors  in  one  case  and  with 
metal  reflectors  in  the  other.  It  has  been 
found  almost  invariably  that  if  the  choice 
is  left  to  the  workmen  and  superinten- 
dents, glass  reflectors  will  be  given  prefer- 
ence over  metal,  mainly  on  account  of 
the  added  cheerfulness  they  produce.  If, 
therefore,  the  first  cost  and  maintenance 
expense  of  the  glass  reflectors  is  practic- 
ally the  same  as  with  metal,  then  glass 
may  be  employed  to  advantage. 

Reflector  Efficiency. — Glass  reflectors 
on  the  market  are  callable  of  producing 
an  amount  of  illumination  equal  and 
even  greater  in  some  cases  than  that 
produced  by  the  best  metal  reflectors, 
and  even  if  the  first  cost  is  somewhat 
higher,  the  added  advantage  of  glass  as 
opposed  to  metal  is  usually  sufficient  to 
make  the  small  difference  in  cost  a  neglig- 
ible item.  This  factor  is  all  the  more  notice- 
able when  one  considers  that  the  reflector 
itself  is  a  small  part  of  the  total  cost 
connected  with  the  wiring  or  piping  of  the 
lamp  and  its  reflector. 

Pierced  metal  reflectors  are  also  avail- 
able. These  are  designed  with  small 
openings  at  the  upper  portion  of  the 
metal  so  that  the  reflector  may  give  the 
same  distribution  characteristics  as  a 
given  glass  reflector,  thus  affording  a 
suitable  metal  reflector  for  use  where  glass 
may  be  objectionable.  Some  of  the 
advantages  of  the  pierced  metal  reflector 
are  that  it  is  unbreakable  and  that  accum- 
ulations of  dust  on  the  outer  surface  do  not 
decrease  the  efficiency.  It  is  also  true 
that  the  light  which  passes  through  the 
openings  in  this  reflector  to  the  ceiling 
cannot  be  diminished  by  dust  on  the  outer 
surface  as  in  the  case  of  glass  reflectors. 
(This  type  of  reflector  is  shown  in  Fig.  8 
under  the  main  line  shafting.) 

Reflector  Maintenance. — Regarding  the 
maintenance  of  glass  reflectors  under 
rough  factory  and  mill  conditions,  it  may 
be  stated  that  glass  reflectors  are  used 
(|uite  widely  with  almost  a  negligible 
increase  due  to  breakage.     Thus,  out  of 
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the  total  maintenance  cost  in  one  repre- 
sentative installation,  it  was  found  that 
the  charges  were  proportioned  as  follows  : 

Renewals,  cost  of  lamps  (tungsten)  75  per  cent. 
Renewals,  broken  glass  reflectors  3  per  cent. 
Labour,     making     renewals     and 

changing  reflectors  for  washing  16  per  cent. 
Labour,  reflector  washing  . .     2  per  cent. 

Additional  indirect  charges         . .     4  per  cent. 


Total 


100  per  cent. 


Points  to  Consider. — Reflectors  will  not 
be  classified  here  from  the  commercial 
standpoint,  but  the  following  items  should 
be  given  consideration  in  the  selection  of 
the  type  of  reflector  for  factory  or  mill 
use. 

1 .  Utilisation  efficiency  :  how  much 
does  the  reflector  contribute  to  the 
effective  illumination  on  the  work  ? 

2.  The  effect  in  reducing  glare. 

3.  Natural  deterioration  with  age 
through  accumulations  of  dust  and  dirt. 

4.  Ease  in  handling  and  uniformity  of 
manufacture. 

5.  Physical  strength  and  the  absence  of 
projections  which  may  increase  the 
breakage  in  case  of  glass  reflectors. 

A  study  of  the  various  reflectors  on 
the  market  with  the  aid  of  these  items  as  a 
basis,  ^vill  determine  what  reflectors  are 
best  adapted  to  given  conditions.  Re- 
garding the  third  item  in  the  foregoing 
list,  it  may  be  stated  that  under  com- 
parative tests  in  service,  the  accumula- 
tions of  dust  and  dirt  on  glass  reflectors 
do  not  seem  to  be  any  greater  than  the 
coating  of  dirt  which  accumulates  on  the 
inside  of  a  metal  reflector  in  the  same 
length  of  time. 

Section  XII.  Side  Light  Important  in 
Some  Factory  and  Mill  Operations. — It 

has  been  customary  in  many  cases  to 
measure  the  effectiveness  of  illumination 
in  terms  of  the  vertically  downward 
component  of  the  light.  This  method  has 
ignored  the  value  of  side  components  in 
relation  to  vertical  surfaces  and  openings 
in  the  side  of  the  work.  It  is  sometimes 
more  necessary  to  light  the  side  of  the 
machine  or  the  side  of  a  piece  of  work  than 
the  horizontal  surface.  If,  then,  in 
designing  a  factory  or  mill  lighting  system, 
the  prime  object  is  the  production  of  the 
greatest  amount  of  downward  illumina- 
tion, it  may  happen  that  the  side  com- 


ponent is  so  small  that  the  sides  of 
machinery  or  of  work  are  inadequately 
lighted. 

Two  Ways  to  Secure  Side  Light. — - 
Experience  indicates  that  there  are  two 
general  ways  in  which  to  secure  adequate 
side  lighting.  One  of  these  methods  is 
to  lower  the  lamps,  and  the  other  is  to  use 
broader  distributing  reflectors  than  are 
called  for  by  the  rules  which  consider 
uniformity  of  the  downward  illumination 
only.  Side  walls  or  other  reflecting 
surfaces  will  modify  the  results.  Thus, 
after  the  determination  of  a  certain  type 
of  reflector  for  producing  uniform  verti- 
cally downward  illumination,  it  may  be 
found  that  more  side  light  is  necessary, 
and  this  extra  side  component  may, 
as  stated,  usually  be  secured  by  selecting 
a  somewhat  more  distributing  reflector. 
Broader  distributing  reflectors  are  apt  to 
result  in  less  downward  illumination  and 
will  sometimes  call  for  larger  lamps 
than  found  necessary  by  preliminary 
calculations. 

Practical  Case. — As  an  illustration,  in  a 
certain  lighting  system  a  vertically 
downward  intensity  of  about  3  foot- 
candles  was  deemed  sufficient  for  the  work 
involved.  Measurements  and  observa- 
tions showed  that  the  side  light  was 
insufficient.  In  this  particular  installa- 
tion it  was  found  necessary  to  produce 
a  vertically  downward  intensity  of  about 
5  foot-candles  on  the  average  in  order  to 
secure  an  intensity  of  about  2  foot-candles 
on  the  side  of  the  work,  and  also  to  use  a 
somewhat  broader  distributing  reflector 
than  at  first  chosen.  Two  foot-candles 
on  the  sides  of  the  work  were  sufficient 
in  this  case  where  bench  work  and  work 
in  the  vice  on  small  machine  parts  were 
conducted. 

Keeping  the  Lamps  High. — It  is  recom- 
mended that  the  lamps  be  mounted  near 
the  ceiling  in  all  reasonable  cases  where 
side  light  is  necessary,  and  that  the  side 
light  be  increased,  not  by  lowering  the 
lamps,  but  through  the  medium  of 
broader  distributing  reflectors  and  larger 
lamps,  if  required.  This  attitude  is 
taken  on  account  of  the  glare  which 
results  when  lamps  are  mounted  too  close 
to  the  work,  a  feature  most  noticeable  in 
the  absence  of  a  reflector  or  where  glass 
reflectors  are  used. 
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Section  XIII.  Maintenance. — The  im- 
portance of  system  in  the  upkeep  of 
natural  and  artificial  lighting  equipment 
may  not  appeal  to  every  reader  at  the 
outset,  but  a  consideration  of  the  points 
involved  will  indicate  that  neglect  of  such 
work  is  apt  to  result  in  excessive  losses 
of  otherwise  useful  light. 

Windoivs. — Factory  and  mill  windows 
become  covered  in  time  with  dirt,  and 
produce  greatly  decreased  values  of 
natural  light  in  consequence.  These  losses 
may  easily  be  great  enough  to  aSect  the 
workmen  seriously,  and  to  necessitate 
the  use  of  artificial  light  at  times  when 
otherwise  it  would  not  be  required.  Dark 
surroundings  also  increase  the  likelihood 
of  accidents.  Regular  window  cleaning 
should  therefore  be  a  part  of  the  routine 
of  every  factory  and  mill  building  or  group 
of  buildings. 

LamfS. — Carbon  filament,  mercury 
vapour,  gas  mantle  and  tungsten  lamps 
burn  out  or  break,  globes  and  reflectors 
become  soiled,  and  the  various  otner  items 
of  deterioration  take  place  so  gradually 
that  in  many  cases  they  are  given  no 
special  concern  in  the  practical  economy 
of  the  shop.  Moreover,  it  is  hardly 
necessary  to  mention  the  fact  that  often 
lighting  systems  are  allowed  to  deteriorate 
to  an  extreme  point  and  nothing  is  done 
unless  complaints  come  in  from  em- 
ployees after  the  lighting  facilities  here 
and  there  throughout  the  shop  have 
become  so  poor  that  work  has  to  be  dis- 
continued temporarily.  The  losses  of 
time  from  such  circumstances,  when  added 
up  throughout  a  year,  are  more  than 
likely  to  exceed  the  expense  of  systematic 
attention  to  such  maintenance  items  in 
advance. 

Overhead  System. — Furthermore,  with 
modern  methods  where  the  lamps  are 
usually  mounted  overhead  rather  than 
close  to  each  machine,  the  importance  of 
relieving  the  workmen  from  any  care  of 
the  lamps  and  ])lacing  it  in  the  hands  of  a 
maintenance  department  is  even  greater 
than  has  been  the  case  in  the  past,  ])ar- 
ticularly  in  large  plants.  In  one  large 
factory  all  burned-out  lamps  are  renewed 
each  day  except  Saturday  and  Sunday, 
these  renewals  being  based  on  a  daily 
inspection  of  every  lamp  to  ascertain 
whether  or  not  it  is  in  working  condition. 


Lamp  Reneivals. — It  is  found  that  the 
renewals  are  considerably  greater  on 
Monday  than  on  any  other  day  of  the 
week,  this  increase  being  due  to  renewals 
not  given  attention  on  the  two  pre- 
ceding days.  Ob\nously,  therefore,  a 
continued  neglect  of  the  inspection  and 
renewal  of  these  lamps  would  soon  result 
not  only  in  inferior  lighting  conditions, 
but  to  large  losses  of  time  for  the  em- 
ployees, not  to  speak  of  the  annoyance 
involved. 

Reflector  Cleaning. — Serious  loss  of 
light  may  occur  when  globes  and  reflectors 
are  allowed  to  go  for  long  periods  without 
cleaning. 

In  one  particular  case,  which  is  a  typical 
one,  the  loss  of  light  at  the  end  of  the 
four  month  interval,  amounted  to  about 
50  per  cent.  The  cost  of  electrical  energy 
in  this  shop  was  such  that  the  loss  of  light 
during  the  four  months  amounted  to  about 
12  cents,  while  the  total  cost  of  taking 
down,  washing,  and  replacing  this  reflector 
amounted  to  about  3  cents.  The  economy 
of  a  fairly  frequent  attention  to  cleaning 
of  such  reflectors  is  at  once  apparent,  even 
if  the  improved  condition  of  the  light  in 
itself  be  ignored. 

The  examples  just  given,  in  the  one  case 
associated  with  the  renewals  of  the  lamps, 
in  the  other  with  the  washing  of  the 
reflectors,  will  serve  to  illustrate  the  class 
of  upkeep  problems  which  are  involved  in 
shop  lighting.  The  most  forcible  emphasis 
is  applicable  to  the  idea  that  system  may 
properly  be  called  a  first  step  towards 
success  in  this  line  of  maintenance  work. 

A  Method  of  Inspection  and  Mainten- 
ance.— In  one  large  factory  a  regularly 
developed  method  of  inspection  and 
renewals  is  employed.  As  an  oxami)le, 
the  method  asap])lied  to  several  thousand 
tungsten  lamps,  which  are  in  service  in  the 
various  buildings,  will  be  described.  All 
the  lamps  are  inspected  once  per  day, 
except  Saturday  and  Sunday.  A  regular 
route  is  followed  by  the  inspector,  and  all 
burned-out  lamps,  broken  switches,  loose 
fuses,  and  similar  items  are  noted.  Careful 
observation  is  also  nuide  of  reflectors 
which  ap])ear  to  need  washing  and  any 
other  points  which  might  affect  the 
efficiency  of  the  system,  after  which  a 
re])ort  is  made  up  about  noon  and 
promptly  sent  to  the  maintenance  depart- 
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nient  to  permit  all  renewals  and  repairs 
to  be  made  before  night.  In  this  manner 
the  lamps  are  well  maintained  from  day 
to  day. 

Marking  Columns. — To  facilitate  this 
renewal  work,  it  has  been  found  advan- 
tageous to  mark  all  columns  through  this 
shop.  The  inspector  is  thus  enabled  to 
indicate  clearly  the  location  of  each 
burned  out  lamp  and  the  renewal  man 
to  locate  it  without  delay.  It  is  helpful 
now  and  then  in  like  manner  to  have  the 
inspector  note  the  unnecessary  lamps 
found  burning  when  artificial  light  is  not 
required.  If  lamps  are  found  burning  at 
such  times,  a  note  sent  to  the  head  of  the 
department  calling  attention  to  the 
matter,  is  usually  sufficient  to  remedy  the 
difficulty. 

Noting  Soiled  Reflectors. — As  a  check 
on  a  regular  cleaning  schedule,  the  in- 
spector should  note  all  reflectors  in  need 
of  cleaning.  The  frequency  of  each 
cleaning  will  depend  on  the  rate  of 
deterioration  due  to  the  settlement  of 
dirt  on  the  surface  of  the  glass  or  metal 
and  also  on  the  surface  of  lamps,  and  the 
fact  should  be  kept  in  mind  that  the 
amount  of  dirt  on  a  reflector  is  nearly 
always  deceptive,  that  is,  reflectors  which 
have  suffered  a  large  deterioration  in 
efficiency  due  to  dirt  often  appear  fairly 
clean,  and  for  this  reason  it  is  best  to 
increase  the  frequency  of  cleaning  some- 
what over  that  which  seems  sufficient 
from  observation,  particularly  in  view  of 
the  fact  that  tests  indicate  large  reductions 
of  light  from  apparently  small  accumula- 
tions of  dust  and  dirt. 

A  Method  of  Washing. — In  the  factory 
just  referred  to,  all  reflectors  are  removed 
to  a  central  washing  point.  Where  the 
number  of  reflectors  to  be  hauled  is  large, 
a  truck  is  used.  Often,  however,  where 
only  a  small  number  of  reflectors  is  to  be 
transported,  small  hand  racks,  devised 
for  the  purpose,  are  employed.  When  an 
installation  is  in  need  of  washing,  the 
scheme  is  to  haul  sufficient  clean  reflectors 
to  the  location  in  question.  The  soiled 
reflectors  are  then  taken  down  and  clean 
ones  immediately  put  into  place,  after 
which  the  soiled  reflectors  are  removed 
to  the  central  washing  point,  washed  and 
put  into  stock  for  the  next  location. 


Section  XIV.  Expert  Assistance  Sug- 
gested.— -The  advantages  of  securing  ex- 
pert assistance  in  dealing  with  illumina- 
tion is  strongly  emphasised.  The  points 
which  come  up  for  solution  are  complex 
and  require,  in  many  cases,  the  judgment 
of  one  who  has  had  wide  experience  in  the 
lighting  field.  In  particular,  anyone  who 
undertakes  to  adopt  any  part  or  all  of 
these  suggestions,  will  do  well  to  secure  the 
co-operation  of  a  lighting  expert  capable 
of  interpreting  the  legislative  articles 
and  of  advising  in  a  constructive  manner. 

Section  XV.  Other  Features  of  Eye 
Protection. — Care  is  urged  on  the  part  of 
those  responsible  for  the  health  and 
welfare  of  employees  to  see  that  adequate 
eye  protection  is  afforded  in  all  operations 
which  are  apt  to  cause  injury  to  eyesight, 
if  such  protection  is  neglected.  As  typical 
of  such  other  causes  of  danger  to  eyesight, 
arc  welding  may  be  mentioned,  where  the 
operator,  according  to  accepted  practice, 
must  wear  a  helmet  serving  as  an  eye 
shield  as  well  as  a  shield  for  the  face  and 
head  in  general.  Protective  glasses  for 
this  purpose  should  not  be  judged  as  to 
their  protective  properties  by  mere  visual 
inspection.  They  should,  however,  be 
analysed  for  their  spectral  transmission  of 
invisible  radiation.  Protective  measures 
should  also  be  taken  to  prevent  on-lookers 
from  being  unduly  exposed  to  such  eye 
dangers,  by  enclosing  the  welding  opera- 
tions with  suitable  partitions.  These 
general  remarks  apply  with  equal  force 
from  the  standpoint  of  those  handhng  the 
operations  to  such  other  cases  as  the 
testing  of  arc  lamps,  inspection  of  hot 
metal,  and  similar  cases. 

Section    XVI.   Auxiliary    Systems   for 

Safety.— -The  auxiliary  system  of  lighting 
called  for  in  Article  XI  of  the  Code,  is  a 
safety  first  precaution  which  is  insisted 
upon  in  a  large  proportion  of  the  1,200 
buildings  coming  under  the  control  of  the 
Bureau  of  Water  Supply,  Gas  and  Elec- 
tricity in  New  York  City,  particularly 
such  buildings  as  are  occupied  by  large 
numbers  of  people  The  same  precaution 
is  now  observed  by  the  Bell  Telephone 
Company's  offices  fairly  generally  through- 
out the  country,  also  by  a  large  number  of 
private  manufacturers  and  by  local  ordi- 
nances compelling  all  types  of  amusement 
places  to  take  this  precaution. 


THE  ILLUMINATING  ENGINEER    (april  1916) 


141 


TOPICAL    AND    INDUSTRIAL    SECTION. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  Is  Included  Information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


EFESCA  LANTERNS  FOR  HALF-WATT 
AND  VACUUM  TUNGSTEN  LAMPS. 

This  new  catalogue,  issued  by  Messrs. 
Falk,  Stadelmann  and  Co.,  Ltd.  (839-87, 
Farringdon  Road,  London,  E.G.),  eon- 
tains  particulars  of  a  great  variety  of 
lanterns. 

We  notice  several  other  useful  types 
for  interior  lighting,  for  example,  the 
"  Bodmin,"  which  appears  to  cover  the 
filament  very  completely,  and  would  no 
doubt  give  a  useful  downward  illumina- 
tion. Another  attractive  model  is  the 
"  Biu-nley,"  in  which  tlie  globe  is  mounted 
on  a  pedestal,  suitable  for  placing  on  posts 
or  pillars. 

A  very  considerable  proportion  of  the 
lanterns  shown  utilise  clear  globes  for 
half-watt  lamps.  Although  public  taste 
has  no  doubt  set  the  standard  in  this 
respect  in  the  past  we  hope  that  after  the 
war  experience  of  present  conditions  will 
induce  people  to  be  satisfied  with  a  more 
subdued  system  of  lighting,  thus  encourag- 
ing a  more  general  use  of  diffusing  globes 
and  reflectors. 

A  page  is  devoted  to  the  Holophane 
E,  I,  and  F,  industrial  units,  and  the 
compilers  have  tabulated  the  matter  as 
regards  price,  spacing  and  illumination 
provided  in  a  very  convenient  and  ser- 
viceable way.  It  is  worthy  of  notice 
that  these  complete  data  are  only  given 


for  the  Holophane  units.  We  hope  that 
in  the  future  this  practice  will  become 
more  general. 


SITUATION    WITH    FIRM    OF 
ELECTRICAL  ENGINEERS  DESIRED. 

Advertiser  desires  to  become  associated 
commercially  with  a  firm  of  fullj'  qualified 
Electrical  Engineers. 

Engaged  for  some  years  with  Messrs. 
Holophane  Ltd.,  [^demonstrating  the 
scientific  principles  governing  modern 
Illuminating  Engineering. 

Practical  experience  convinces  liim 
that  constant  education  of  the  public  to 
these  principles,  and  demonstrations  of  the 
advantages  in  applying  mathematics  for 
pre-determining  distribution  of  Light, 
induces  a  higher  standard  of  confidence, 
and  in  consequence  commands  more 
remimorative   business. 

Advertiser  considers  himself  capable  of 
creating  a  steadily  increasing  connection 
by  such  methods,  if  free  to  expand  his 
commercial  ideas,  and  supported  liber- 
ally with  capital,  patience  and  assistance. 

Does  not  seek  engagement  with 
Limited  Companies,  or  firms  controlled 
by  Managers. 

Address  :  S.C.,  86,  Russfxt.  Road. 
Wavkrtree,  j^rvERPOOL.  [Advt.] 
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THE    LIGHTING    OF   A   LARGE    SHIP- 
YARD  OFFICE. 

The  three  illustrations  on  this  and  the 
opposite  page  show  the  system  of  lighting 
supplied  by  the  British  Thomson-Houston 
Co.  Ltd.  through  the  Newcastle- on -Tyne 
Electric  Stipply  Co.  Ltd.,  for  the  new 
offices  of  Sir  W.  G.  Armstrong  Whitworth 
&  Co.  Ltd.  (Wallsend-on-Tyne).  It  is 
stated  that  no  fewer  than  450  lighting 
points  are  used  in  this  scheme,  and  we 
understand  that  it  is  the  first  office 
installation  in  the  Newcastle  district  to 
be  equipped  throughout  with  Eye -Rest 
and  semi-indirect  fittings. 


P'iG.  1. — Corridor  lighting  at  Sir  W.  G.  Arm- 
strong Whitworth  &  Co.,  Ltd.,  Newcastle- 
on-Tyne. 

Fig.  1  shows  the  sj-stem  of  corridor 
lighting.  The  passages  are  arranged  in  a 
curve  so  that  some  thought  is  required 
in  order  to  space  the  lighting  units  con- 
veniently and  at  the  same  time  to  obtain 
uniform  and  adequate  illumination.  The 
problem  has  been  met  by  the  use  of  small 
spheres  of  ribbed  Alabas  glass. 

In  Fig.  2  we  have  an  example  of  the 
system  of  lighting  in  the  tracing  and 
general  offices,  where  semi-indirect  fittings 


are  employed.  With  the  indirect  system 
the  source  of  light  is  of  coiirse  completely 
hidden,  and  for  this  reason  many  have 
expressed  the  view  that  there  is  "  some- 
thing wanting  "  in  the  effect.  To  meet 
this  objection  one  may  employ  semi- 
indirect  fittings  of  the  type  shown  in 
Fig.  2,  which  can  be  inounted  close  to  the 
ceiling  and  are  therefore  useful  in  cases 
where  it  is  desired  to  get  an  even  illumina- 
tion over  the  room,  and  to  keep  the  lamps 
high  up  out  of  the  direct  range  of  view. 
In  the  general  offices  300-watt  gas  filled 
lamps  are  used,  in  the  tracing  office 
similar  lamps  of  200-watt  consumption. 

Another  variety  of  semi-indirect  fittings 
is  shown  in  operation  in  the  Directors' 
Office  (Fig.  3).  This  apartment  is  lighted 
by  two  "  Eye -Rest "  pendants,  with 
24  in.  luminous  panelled  composition 
bowls,  each  fitted  with  two  100 -watt 
INIazda  lamps.  This  fitting  is  really  a 
modification  of  the  Eye -Rest  Indirect 
unit,  the  lower  portion  of  the  bowl  being 
of  white  or  coloured  glass  instead  of  being 
opaque.  No  alteration  has  been  made 
in  the  internal  equipment  of  the  bowl, 
with  the  exception  that  a  lamp  of  quite 
small  candlepower,  enclosed  within  a 
diffusing  globe,  lights  up  the  lower 
translucent  portion,  thus  removing  the 
dark  effect  of  the  indirect  system,  without 
prejudicing  the  distribution  of  light. 
Bowls  of  this  class  can  be  supplied  with 
glass  of  special  colovirs,  selected  in  order 
to  harmonise  with  the  general  scheme  of 
decoration  of  the  room.  The  con- 
struction of  these  units  is  interesting,  the 
principle  apparently  being  to  regard 
the  light  from  the  supplementary  small 
lamp  as  serving  simply  to  produce  the 
desired  luminous  effect  over  the  lower 
portion  of  the  bowl,  without  apparently 
contribviting  any  very  appreciable  direct 
lighting  element  to  the  illumination  ; 
in  this  respect  the  sj'stem  is  somewhat 
different  from  semi-indirect  methods  in 
which  the  direct  downward  component 
plays  a  considerable  part  in  the  illumina- 
tion, and  the  shadow  conditions  would 
presumably  approach  very  near  to  those 
obtained  with  pure  indirect  lighting. 
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Fig.  2. — Semi-indirect  lighting  in  the  General  Office  of  Sir  W.  G.  Armstrong  Whitworth 
&  Co.,  Ltd.,  Newcastle-on-Tyne. 


Fig.   3. — Lighting  of  the   Directors'   Office  of  Sir  W.  G.  Armstrong  Whitworth  (Jt  Co., 
Ltd.,  Ncwcustle-on-  Tyne,  with  semi-indirect  composition  bowls. 
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THE     OSRAM     AXIAL     LAMP. 

The  General  Electric  Co.,  Ltd.  (67,  Queen 
Victoria  Street,  E.G.)  have  recently  issued 
a  new  type  of  Osram  lamp  (the  Osram 
"  Axial  "  lamp)  which  is  stated  to  have 
special  advantages  in  cases  where  a  strong 
light  must  be  concentrated  over  a  small 
area.  The  filament  is  made  of  drawn 
tungsten  wire  wound  in  the  helix  of  very 
small  diameter,  and 
arrange  within  a 
comparatively 
small  space.  The 
upper  half  of  the 
bulb  is  covered  by 
a  conical  opal  re- 
flector, and  by  this 
means  an  excep- 
tionally strong 
downward  illumin- 
ation is  o])tained.  It  is  recognised  that 
the  concentrating  power  of  any  reflector 
depends  materially  on  the  dimensions  of 
the  filament,  and  no  doubt  the  compact 
nature  of  the  filament  in  tliis  case  is 
instrumental  in  assisting  the  accentuation 
of  the  light  in  the  desired  direction. 

The  lamp  is  expected  to  be  particularly 
useful  for  lighting  desks,  machine  tools, 
showcases,  shop  windows,  etc.,  as  well 
as  for  fine  work  such  as  jewellery,  watch 
and   clock -making,   etc. 


that  even  this  method  might  be  attended 
with  danger,  and  the  subject  is  being 
further  considered. 


A    USEFUL    METHOD    OF    GIVING 
WARNING  AGAINST  ZEPPELIN  RAIDS. 

During  the  last  few  months  there  has 
been  much  discussion  on  the  best  means 
of  warning  people  of  the  approach  of 
Zeppelins.  Obviously  the  best  method 
would  be  one  which  gave  adequate 
warning  to  every  householder  but  could 
not  be  heard  or  seen  by  hostile  aircraft. 

According  to  the  Journal  of  Gas 
Lighting,  in  one  of  the  cities  in  Scotland 
the  warning  was  recently  conveyed  from 
the  central  electric  supply  station  by 
producing  a  temporary  fall  in  voltage, 
thus  causing  the  electric  lamps  to  glow 
a  dull  red.  It  is  contemplated  that  a 
similar  method  may  be  applied  in  con- 
nection with  the  gas  lighting,  the  pro- 
posal being  that  the  pressure  in  the 
mains  should  first  be  reduced  and  then, 
when  the  householders  have  been  warned 
by  the  diminution  in  light  to  turn  off  all 
the  binners,  the  supply  of  gas  should  be 
cut  of?  completely.     It  appears,  however, 


THE  EMPLOYMENT  OF  WOMEN. 

An  Appeal  to  Employers  has  been 
issued  jointlj'  by  the  Home  Secretary 
and  the  Board  of  Trade,  pointing  out  the 
need  for  special  measures  to  replace  by 
women  the  men  now  being  called  up  for 
the  Army. 

"  There  is  one  source,  and  one  only," 
it  is  pointed  out,  "  from  which  the 
shortage  can  be  made  good — that  is,  the 
great  body  of  women  who  are  at  present 
unoccupied  or  engaged  in  work  not  of  an 
essential  character.  .  .  .  We  iippeal, 
therefore,  on  behalf  of  the  Govermnent 
to  every  employer  who  is  finding  his 
business  threatened  with  diminished  pro- 
diactivity  through  the  loss  of  men,  not  to 
accept  such  diminution  as  an  inevitable 
consequence  of  the  war,  but  to  make 
every  possible  effort  to  maintain  his 
production  by  using  women,  whether  in 
direct  substitution  for  the  men  who  have 
been  withdrawn,  or  by  some  subdivision 
or  rearrangement  of  his  work." 

The  Home  Office  and  the  Board  of 
Trade  are  prepared  to  give  employers  all 
the  help  in  their  power  in  taking  this 
course,  and  a  special  Advisory  Com- 
mittee has  been  appointed  to  inquire  into 
the  subject. 


HIGH   SPEED   STEEL   SCRAP. 

Arrangements  have  been  made  by  the 
Ministry  of  Munitions  whereby  the  makers 
of  High  Speed  Steel  will  take  back  all 
scrap,  short  ends,  &c.,  at  uniform  prices, 
namely,  5d.  per  lb.  for  turnings  ;  6d.  per 
lb.  for  bar  ends,  delivered  steelmakers' 
works. 

Such  scrap  should  preferaVjly  be  re- 
turned to  the  manvifacturers  who  supplied 
the  original  steel,  and  should  be  free  from 
all  foreign  substance,  particularly  other 
kinds  of  steel.  According  to  the  Defence 
of  the  Realm  Regulations,  it  is  illegal  to 
dispose  of  High  Speed  Steel  except 
through  authorised  channels,  and  users 
should,  therefore,  adopt  the  above 
arrangement  in  every  case. 
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THE  LIGHTING  OF  THE  WOOLWORTH  BUILDING,  NEW  YORK  CITY. 


In  our  February  issue  (p.  74),  a^refer- 
ence  was  made  to  the  large  Woolworth 
building  in  New  York,  which  is  stated  to 
be  piped  throughout  for  gas.  We  are 
informed,  however,  that  this  building, 
while  piped  for  gas,  is  at  present  lighted 
both  inside  and  outside  by  Mazda  electric 
lamps,  and  we  are  reproducing  a  photo- 
graph kindly  sent  us  by  the  National 
Lamp  Works  of  Cleveland,  Ohio,  U.S.A., 
showing  the  appearance  of  the  building 
by  night. 

The  way  in  which  the  strongly  illu- 
minated tower  "  stands  out  "  is  most 
striking,    and    when    the    restoration    of 


peace  enables  us  in  this  country  to  turn 
our  attention  to  decorative  aspects  of 
exterior  lighting,  this  method  of  illu- 
minating buildings  by  concealed  Inmps 
well  deserves  consideration.  In  this  case 
the  outside  lighting  is  effected  bj^  six 
hundred  250-watt  Mazda  lamps  in  pro- 
jectors, whose  action  can  be  clearly  seen 
in  the  photograph. 

This  installation  is  interesting  as  an 
example  of  modern  spectacular  exterior 
lighting,  and  the  photograph  is  certainly 
one  of  the  best  representations  of  such 
night-effects  that  have  come  before  our 
notice. 
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REVIEWS   OF   BOOKS.* 

Hygienic  Conditions  of  Illumination  in 
Workshops  of  the  Women's  Garment  In- 
dustry, by  J.  W . -^chereschewsky  and 
D.  H.  Tuck.  (Vteitcd  States  Public 
Health  Service  Treasury  Dept.,  Wash- 
ington ;  Public  Health  Bulletin,  No.  71, 
May   1915.) 

This  Bulletin,  wliich  forms  one  of  the 
series  on  "  Studies  in  Vocational 
Diseases,"  was  issued  in  May,  1915.  In 
view  of  the  recent  Report  of  the  Home 
Office  Committee  on  Factory  Lighting 
in  this  country,  it  is  gratifying  to  see 
that  tills  subject  has  been  studied  very 
closely  by  the  United  States  Public  Health 
Service.  The  Bulletin  contains  two  dis- 
tinct sections,  the  first  dealing  generally 
with  the  health  of  garment  workers,  the 
second  devoted  entirely  to  lighting  con- 
ditions in  this  trade.  The  investigations 
into  the  bodily  condition  of  the  workers, 
their  habits,  and  the  defects  possibly 
engendered  by  their  occupation  are  re- 
markably complete,  and  it  is  noteworthy 
that  among  the  defects  noted,  the  cases  of 
defective  vision  formed  69  per  cent.,  while 
50  per  cent,  suffered  from  results  of  faulty 
posture  (a  condition  which,  as  has  been 
sho%%-n,  may  quite  conceivably  be  accen- 
tuated or  even  produced  by  wrong 
shadow  conditions  and  imperfect  illu- 
mination). 

The  section  on  lighting  occupies  about 
125  pages.  Detailed  tests  of  the  illu- 
mination, diagrams  showing  the  correct 
and  incorrect  positions  of  benches  with 
regard  to  the  light,  and  particulars  of  the 
reflectors  suggested  for  artificial  lighting, 
together  with  polar  curves,  are  furnished. 
A  complete  photometric  siirvey  was  made 
of  34  shops. 


*  To  some  of  these  publications  we  hope  to 
refer  more  fully  shortly. 


Among  the  practical  suggestions  for 
natural  and  artificial  illumination,  a 
working  illumination  of  5 — 7  foot-candles 
is  recommended  (partly  on  consideration 
of  the  report  on  school  lighting  presented 
by  the  Joint  Committee  of  the 
Illuminating  Engineering  Society  in 
London  in  1914)  ;  due  emphasis  is  placed 
on  avoidance  of  glare  and  the  use  of  light 
surroimdings  in  workrooms.  We  hope 
to  deal  more  fully  with  this  report  shortly. 
Meantime  it  is  of  interest  to  put  on  record 
a  most  valuable  piece  of  work. 


The  Excess  Profits  Duty  and  Profits  of 
Controlled  Establishjnents,  by  Spicer  and 
Pegler,  Chartered  Accountants.  [H. 
Foulks,  Lynch  and  Co.,  61,  Watling 
Street,  E.G.     1916.     6s.  net.) 


Established 
1 88s. 


Established 
1885. 


By  Appointment. 


Accident  Fire  and   Life 

Assurance  Corporation,  Limited 

Assets  Exceed      -    £2,500,000. 
Claims  Paid  Over    £7,000,000. 

SPECIAL    FEATURES: 

ACCIDENT  INSURANCE 

Liberal  Benefits  and  Conditions. 
Low  Premiums. 

FREE    FIRE     INSURANCE 

Evert  Sixth  Year    to    Private    Property 
Owners  and  Hodseholders. 

THREE    POPULAR   POLICIES 

Of  Life  Assurance,  with  Various  Options 


All  Classes  of  Insaraiiee  Business  Traasactcd 


CHIEF   OFFICES: 

General   Buildings,   Perth,  Scotland. 

General  Buildings,  Aldwych,  London. 

General  Manager    -    F.  Norie-Miller,  J. P. 

Note. — Tha    Bonds    of   the   Corporation   are 

accepted      by    all     Departments    of 

His  Majesty's  Government. 
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THE  INDUSTRIAL  OUTLOOK  AND  ITS 

RELATION  TO  THE  BRITISH  GAS 

INDUSTRY. 

A  striking  address  on  the  above  subject 
was  recently  delivered  by  Mr.  H.  M. 
Thornton  before  the  Society  of  British 
Gas  Industries  at  their  Eleventh  Annual 
Meeting. 

The  lecturer  spoke  of  the  need  for  con- 
tinual and  combined  national  effort. 
"  State  aid  for  industry  by  means  of  an 
extension  of  the  Commercial  Branch  of  the 
Board  of  Trade,  that  is  to  say,  industrial 
administration  by  business  men  on  busi- 
ness lines  ;  improved  relations  between 
Ca^pital  and  Labour  ;  a  revision  of  our 
Educational  System  in  the  light  of  new 
requirements,  and  the  establishment  of 
schemes. for  industrial  research  as  it  is 
known  in  America,"  were  among  the 
many  suggestions  brought  forward. 

Special  reference  was  made  to  the  part 
played  by  the  gas  industry  in  aiding  the 
production  of  munitions  of  war.  Gas 
industries  undertakings,  Mr.  Thornton  re- 
marked, were  united  in  doing  their  utmost 
to  promote  the  engineering  and  other 
conditions  essential  to  the  supply  of  cheap 
gas,  which  would  be  one  of  the  most 
important  considerations  in  coming  years. 

One  factor  of  great  importance  in  this 
connection  is  the  development  and  sale  of 
residual  products,  and  gas  undertakings 
are  doing  all  they  can  by  research  to 
bring  about  progress  in  this  respect. 

Naturally,  too,  there  are  great  oppor- 
tunities in  the  direction  of  discovering 
new  opportunities  for  the  use  of  gas,  and 
there  are  still  many  cases  in  which  gas  is 
being  employed  in  the  crudest  manner 
possible,  without  efficiency  and  without 


economy.  At  the  present  time  it  is  esti- 
mated that  only  15  million  tons  of  coal 
are  used  in  the  gas  works  of  the  United 
Kingdom,  as  compared  with  100  million 
tons  consumed  (and  their  valuable  resi- 
dual products  utterly  lost)  ;  there  are 
thus  great  opportunities  for  further 
development. 

Mr.  Thornton  referred  to  the  system  of 
industrial  research  scholarships  now  in 
operation  in  the  Universities  of  Pittsburg 
and  Kansas,  and  recalled  that  the  Society 
of  British  Gas  Industries  had  been  instru- 
mental in  fotmding  the  Livesey  Chair  at 
the  Leeds  University,  which  was  already 
doing  useful  work. 

Another  question  of  great  importance 
was  the  utilisation  of  mineral  products  in 
the  Empire.  Owing  to  past  short- 
sightedness in  this  matter,  the  supplies  of 
zinc  and  nickel,  both  invaluable  for  war- 
purposes,  had  been  exploited  on  the 
Continent  instead  of  being  developed 
within  the  British  possessions.  Another 
instance  was  furnished  by  the  deposits  of 
monozite  sand,  essential  for  the  manu- 
facture of  thorium  nitrate  for  mantles, 
which,  however,  owing  to  the  enterprise 
of  the  Foreign  Office,  was  now  fully  at  the 
disposal  of  this  country. 

Finally,  an  appeal  was  made  for  pre- 
serving the  health  of  the  worker.  Proper 
housing  conditions,  cheap  and  speedy 
means  of  conveyance  of  employees  to  and 
from  works  or  factory,  and  the  provision 
of  industrial  canteens  supplying  meals  at 
moderate  prices  are  all  matters  which 
cannot  be  neglected  if  the  workers' 
efficiency  is  to  be  maintained  at  its  highest 
level,  and  the  Ministry  of  Munitions  have 
welcomed  and  encouraged  all  attempts 
that  have  been  made  in  these  directions. 
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EDITORIAL. 

Research  in  Illuminating  Engineering. 

On  pages  167-177  we  give  an  account  of  the  proceedings  at  the  Annual 
Meeting  of  the  Ilkimmating  Engineering  Society  on  May  9th,  at  which 
the  usual  Report  of  the  Council  was  presented.  In  spite  of  the  inevitable 
and  growing  difhculties  arising  through  the  war,  the  Society  has  fortunately 
been  able  to  carry  on  its  work  with  undiminished  activit}'.  Meetings  have 
again  been  devoted  to  subjects  of  special  interest  at  the  present  time,  and, 
in  several  cases,  have  been  useful  in  eliciting  fruitful  suggestions  for  further 
work.  Some  of  these  suggestions  are  crystallised  in  the  Report  presented 
by  the  special  Rcsearcli  Committee. 

It  will  be  recalled  that  this  Committee  was  announced  short!}'  before 
the  outbreak  of  war,  but  it  was  found  at  that  time  impracticable  to  proceed 
with  the  investigations.  But  at  the  present  time  there  appears  to  be  an 
opportunity  for  useful  work,  especially  in  view  of  the  growing  appreciation 
of  the  value  of  industrial  research  and  the  various  steps  that  are  now  being 
taken  for  the  organisation  of  scientific  investigation.  As  previously 
mentioned,  one  of  the  most  important  steps  taken  in  this  connection  has 
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been  the  formation  of  the  Committee  of  the  Privy  Council  for  the  Organisa- 
tion of  Scientific  and  Industrial  Research,  and  we  are  glad  to  note,  from 
several  bulletins  that  have  been  issued,  that  a  considerable  amount  of 
useful  work  has  already  been  initiated. 

Accordingly-  the  Illuminating  Engineering  Societ}^  in  common  with 
many  other  scientific  and  technical  institutions,  has  been  considering  how 
the  efforts  of  its  members  can  best  be  applied  in  experimental  work,  and 
the  first  result  is  the  Report  which  appears  on  pp.  172-177  in  this  number. 
The  Report  is  concluded  b}'  an  elaborate  list  of  subjects  for  investigation. 
It  was  thought  desirable  to  make  this  list  as  complete  as  possible,  with  a 
view  to  showing  how  wide  is  the  ground  to  be  covered,  and  how  many  are 
the  opportunities  for  experiments  which  may  be  followed  up  in  the  future. 
Naturally  there  are  many  matters  that  will  have  to  be  postponed  at  the 
present  moment,  and  it  is  proposed  to  concentrate  on  several  researches, 
such  as  the  investigation  of  illuminating  glassware,  which  calls  for 
immediate  effort.  While  it  may  truly  be  said  that  the  difficulties  of  initiating 
such  researches  are  accentuated  by  the  large  number  of  members  absent 
in  the  Forces  or  on  special  war-work,  there  can  be  no  question  that  these 
matters  deserve  immediate  attention,  and  should  not  be  relegated  to  the 
period  after  the  war.  We  hope,  however,  that  the  assistance  of  members 
will  be  freely  offered,  in  spite  of  the  pressing  demands  on  their  time, 
and  that  the  problems  involved  will  be  considerably  simplified  by  the 
co-operation  of  other  societies.  In  some  cases  in  which  a  considerable 
amount  of  experimenting  will  require  to  be  done,  adequate  financial  support 
will  be  required,  but  in  view  of  the  direct  industrial  importance  of  the 
matters  to  be  considered  it  will  doubtless  be  forthcoming. 

While  referring  to  this  matter,  we  should  also  like  to  draw  attention 
to  one  other  point  in  the  Annual  Report, — the  need  for  increased  membership 
in  order  to  carry  on  satisfactorily  the  work  in  hand.  With  such  a 
programme  as  the  Report  on  Research  before  them,  members  cannot  fail 
to  appreciate  the  usefulness  of  the  movement.  It  is  hoped,  therefore,  that 
they  will  do  all  in  their  power  to  assist  by  inducing  friends  to  join  and 
swell  the  existing  membership. 

It  is  also  to  be  hoped  that  gas  and  electrical  supply  companies  and 
other  institutions  which  derive  direct  benefit  from  the  work  of  the  Society, 
will  see  their  way  to  giving  substantial  support  to  its  endeavours. 

Technical  Education  and  Industrial  Research. 

In  a  recent  issue  we  gave  a  brief  account  of  the  proceeding  at  the 
meeting  of  the  Circle  of  Scientific,  Technical,  and  Trade  Journalists  on 
March  14th,  at  which  a  paper  on  "  The  Sphere  of  the  Scientific  and  Technical 
Press  in  Relation  to  Technical  Education  and  Industrial  Research  "  was 
read  by  Dr.  Wm.  Garnett.  In  this  issue  we  are  reproducing  Dr.  Garnett's 
instructive  paper  in  extenso  (see  pp.  153 — 166),  and  in  the  next  number  we 
hope  to  deal  with  the  discussion  at  this  and  the  subsequent  meeting  on 
May  16th. 

The  proceedings  at  this  meeting  were  supplementary  to  those  at  the 
previous  meeting  of  the  Circle.  An  account  of  some  of  the  recent  proposals 
for  the  organisation  of  scientific  work  and  the  improvement  of  technical 
education  was  presented,  and  Mr.  Gerald  Lightfoot,  who  attended  in  the 
unavoidable  absence  of  Mr.  Hughes,  the  Prime  Minister  of  Austraha,  gave 
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an  account  of  the  comprehensive  scheme  for  the  estabhshment  of  a  National 
Institute  of  Science  and  Industry  in  Austraha— a  matter  which  was  also 
dealt  with  by  the  Right  Hon.  Andrew  Fisher  in  his  speech  at  the  Annual 
Meeting  of  the  British  Science  Guild  on  the  17th  inst.  Among  others  who 
took  part  in  the  discussion  may  be  mentioned  the  Right  Hon.  Arthur  Dyke 
Acland,  Sir  John  Cockburn,  and  Professor  R.  A.  Gregory. 

During  the  past  few  months  the  constant  attention  given  to  the  subject 
of  scientific  and  industrial  research  by  various  committees  and  institutions 
has  been  an  encouraging  sign,  but  it  has  become  apparent  that  in  order  that 
these  suggestions  ma}^  crystallise  into  a  coherent  national  scheme,  a  serious 
effort  to  promote  the  interchange  of  views,  and  to  bring  about  co-operation 
between  these  various  bodies  will  have  to  be  made.  A  feature  of  the  scheme 
explained  by  Mr.  Lightfoot  was  the  provision  for  a  Bureau  of  Information 
to  enable  the  constant  exchange  of  information  to  take  place  and  prevent 
overlapping  of  work,  and  the  whole  principle  of  the  scheme  is  based  upon 
co-operation  and  the  suboidination  of  various  bodies  to  a  central  authori- 
tative Council.  In  Australia  the  problem  is  doubtless  simplified  to  some 
extent  by  the  fact  there  are  few  existing  important  scientific  bodies  to  be 
considered,  and  therefore  the  framework  can  be  built  up  on  a  logical  basis. 
In  this  country  co-operation  can  only  be  brought  about  more  slowl3%  and 
one  of  the  most  effective  means  of  influencing  public  opinion  in  this  direction 
is  undoubtedly  judicious  discussion  in  the  press.  We  take  the  opportunity 
to  reproduce  the  following  resolution,  proposed  by  Dr.  Wm.  Garnett, 
seconded  by  Mr.  E.  J.  P.  Benn,  and  carried  unanimously  at  the  meeting 
of  the  Circle,  which  effectively  crystaUises  its  aims  in  this  matter  : — 

That  this  Meeting  urges  upon  the  various  Associations,  Institutions, 
and  Committees  engaged  in  the  consideration  of  Technical  Education  and 
Industrial  Research  the  necessity  for  co-operating  in  order  to  present  a  National 
Scheme  for  the  consideration  of  the  Government. 

That  in  any  measures  taken  for  the  preparation  and  execution  of  such  a 
National  Scheme  the  co-operation  of  the  Scientific  and  Technical  Press  should 
he  secured. 

That  this  meeting  is  of  opinion  that  the  Press  should  use  its  influence  to 
encourage  the  Teaching  of  Science  in  Schools  and  Colleges  of  all  grades,  and 
to  determine  the  proper  position  of  science  in  Civil  Service  and  other  examina- 
tions, especially  with  reference  to  the  influence  of  these  examinations  upon 
Education. 

That  in  the  meantime  it  is  desirable  that  all  possible  support  should  he 
given  by  the  Press  and  the  Public  to  the  work  of  the  Advisory  Council  to  the 
Committee  of  the  Privy  Council  for  the  Organisation  and  Development  of 
Scientific  and  Industrial  Research,  and  that  Industrial  Associations  should 
report  to  the  Advisory  Council  on  the  facilities  required  for  the  conduct  of 
Research  in  connection  with  their  particular  industries. 
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Sir  Corbet  Woodali. 


During  the  past  year  several  leading  gas  engineers  have  passed  away. 
But  a  few  weeks  ago,  at  the  Annual  Meeting  of  the  Illuminating  Engineering 
Society,  the  Chairman  referred  in  feeling  terms  to  the  loss  of  two  valued 
Vice-Presidents,  Mr.  Edward  Allen  and  Professor  Vivian  Lewes. 

We  have  now  to  record  with  deep  regret  the  death  of  Sir  Corbet 
Woodali,  a  distinguished  Honorary  Life  Member  of  the  Society,  who  passed 
away  on  May  17th. 

On  page  180  there  appears  an  appreciation  of  Sir  Corbet  Woodali  from 
the  pen  of  Mr.  F.  W.  Goodenough,  his  friend  and  associate  for  many  years. 
There  is  no  need  for  us  to  enlarge  upon  his  distinguished  professional  career, 
nor  to  recall  the  many  professional  honours  and  distinctions  he  received. 
But  we  would  like  to  add  our  tribute  to  the  gifts  of  intellect  and  personality 
which  kindled  the  respect  and  admiration  of  all  who  knew  Sir  Corbet  Woodali. 

In  the  year  1912 — 1913  Sir  Corbet  Woodali  occupied  the  Presidential 
Chair  of  the  Institution  of  Gas  Engineers,  the  Society  of  British  Gas 
Industries,  and  the  British  Commercial  Gas  Association — a  unique  testimony 
to  his  rare  combination  of  technical  and  administrative  abilities.  His  high 
sense  of  duty  prevented  him  from  accepting  positions  unless  he  saw  his 
way  clear  to  render  constant  personal  service,  and  his  many  duties  at  this 
period  would  doubtless  have  taxed  the  energies  of  a  much  younger  man. 

Sir  Corbet  was  intimately  associated  with  many  advances  in  gas 
lighting  which  have  profoundly  influenced  illumination  in  this  country. 

Yet,  while  continually  encouraging  technical  advances  in  the  manu- 
facture and  use  of  gas,  he  never  failed  to  emphasise  the  human  side — 
to  insist  that  those  engaged  in  the  supply  of  gas  were  carrying  out  an 
important  pubhc  service,  and  should  do  all  in  their  power  to  earn  the 
confidence  of  the  consumer  and  the  goodwill  of  the  general  public.  His 
influence  in  this  direction  was  manifested  in  the  creation  of  the  Sales 
Department  of  the  Gas  Light  and  Coke  Co.,  and  in  the  wise  and  far-sighted 
policy  that  have  marked  the  educational  campaign  of  the  British  Commercial 
Gas  Association.  In  all  things  he  was  an  enthusiast  for  co-operation,  and 
his  name  will  always  be  associated  with  the  adoption  of  the  great  Co- 
partnership Scheme  by  the  Gas  Light  and  Coke  Co.  during  his  term  of  office. 

Although  his  life  was  devoted  to  the  service  of  the  gas  industr}-. 
Sir  Corbet  Woodali  took  a  large-minded  and  enhghtened  view  of  other 
illuminants.  No  batter  example  of  his  policy  in  this  respect  could  be 
mentioned  than  the  statesmanlike  conception  of  the  National  Gas  Congress 
and  Exhibition,  held  at  Shepherd's  Bush  in  1913.  In  presiding  at  the 
Inaugural  Banquet  he  struck  the  note  that  was  followed  consistently 
throughout  the  Congress,  when  he  said  : — 

"  1  need  hardly  say  that  this  is  not  an  anti-electric,  it  is  a  pro-gas  exhibition.  We 
recognise  that  there  is  room  and  a  place  for  both  gas  and  electricity  in  the  service  of  the 
community.  We  use  electricity  for  certain  purposes  in  our  own  works  ;  the  electrician  uses 
gas  largely  in  his  works  for  the  making  of  cables,  dynamos  and  lamps,  while  the  consumer  in 
many  cases  uses  gas  to  produce  electricity.  The  presence  of  so  many  among  us  to-day,  who 
are  at  the  head  of  both  gas  and  electricity  undertakings,  is  evidence  of  comnmrity  of  interests 
between  the  two." 

In  the  death  of  Sir  Corbet  Woodali  the  gas  industry  loses  a  gifted 
engineer  and  a  wise  administrator,  the  Nation  a  great  and  representative 
Englishman,  whose  work  will  be  remembered  for  many  years  to  come. 

Leon  Gaster. 
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THE  SPHERE   OF   THE   SCIENTIFIC  AND  TECHNICAL 

PRESS  IN  RELATION  TO  TECHNICAL  EDUCATION 

AND  INDUSTRIAL  RESEARCH. 


At  a  meeting  of  the  Scientific  and 
Technical  Circle  of  the  Institute  of 
Journalists,  held  in  the  Hall  of  the 
Institute  of  Journalists  on  Tuesday, 
March  14th,  a  discussion  took  place  on 
"  The  Sphere  of  the  Scientific  and 
Technical  Press  in  Relation  to  Technical 
Education  and  Industrial  Research." 
Mr.  L.  Gaster,  Chairman  of  the  Circle 
presided. 

In  opening  the  prcoeedings  the  Chair- 
man said  :  — 

"  To-night  I  have  the  pleasure  of 
introducing  to  you  two  gentlemen  who 
have  made  a  special  study  of  the  subjects 
of  Technical  Education  and  Industrial 
Research,  Dr.  W.  Garnett,  late  Educa- 
tional Adviser  to  the  London  Council, 
and  Mr.  A.  P.  M.  Fleming,  who  is 
associated  with  the  Industrial  Research 
Dept.,  of  the  British  Westinghouse  Co. 
Dr.  Garnett,  who  has  made  a  life-long 
study  of  the  subject,  surveys  the  whole 
question  of  the  organisation  of  education 
from  the  broad  industrial  aspect.  Mr. 
Fleming  will  tell  us  something  of  the 
development  of  industrial  research  in 
the  United  States  and  elsewhere,  and 
discuss  the  application  of  these  facts 
to  industries  in  this  country. 

"  To  us,  as  scientific  and  technical 
journalists  falls  the  duty  of  studying 
these  questions  and  ascertaining  as  far  as 
possible,  how  we  can  help  in  spreading 
a  knowledge  of  the  benefits  of  applied 
science  and  bringing  about  a  better 
appreciation  of  the  value  of  education 
in  relation  to  our  industrial  life. 

"It  is  common  knowledge  that  the 
war  has  led  us  to  examine  our  present 
position,  and  has  showed  that  in  many 
directions  we  do  not  yet  possess  the 
complete  educational  facilities  which 
the  scientific  developni. -nt  of  our  industries 
demands.  Industries  depending  on 
scientific  principles  cannot  be  built  up 
suddenly,  and  steady  persistent  effort 
will  be  needed.  Above  all  action  in  this 
respect  must  be  preccd<  d  by  d"liberation 
and  discussion.  In  the  present  dis- 
turbed condition  of  trade  it  is,  perhaps, 


hardly  possible  to  embark  on  any  wide 
scheme  of  practical  development,  but, 
if  we  are  to  be  ready  when  the  war  is 
over  we  must  utilise  the  present  period 
to  marshall  our  resources,  to  enlist  the 
support  of  all  those  who  can  do  some- 
thing to  prepare  for  the  future.  In 
particular,  a  great  deal  can  be  done  to 
prepare  public  opinion  for  what  is  coming, 
and  to  create  a  favourable  atmosphere 
for  the  reception  of  definite  proposals. 

"It  is  here  that  the  technical  and 
scientific  press  can  help.  It  may  be 
necessary  to  create  new  educational 
centres  and  improved  sources  of  scientific 
research.  But  the  most  immediate  need 
is  clearly  to  organise  those  resources 
which  we  already  possess.  The  various 
learned  and  scientific  societies  throughout 
the  country  are  already  doing  good  work 
and  our  educational  institutions  and 
colleges  are  also  considering  these 
problems.  But  it  is,  perhaps,  not 
sufficiently  recognised  that  in  the 
scientific  and  technical  press  there  is 
available  a  most  valuable  channel  for 
education,  and  a  unique  means  of  reaching 
manufacturers  throughout  the  country. 
The  technical  journals  throughout  the 
country  can  each  prepare  the  way  in  their 
respective  trades  and  industries,  but 
in  order  to  do  so  they  must  themselves 
understand  the  practical  possibilities 
of  industrial  research,  and  must  be  kept 
in  touch  with  the  progress  in  their 
respective  fields. 

"  One  thing  I  am  confident  the  war 
has  taught  us ;  the  need  for  better 
co-ordination  of  the  efforts  of  scientific 
workers.  We  must  consider  how  to 
link  together  the  activities  of  all  the 
various  scientific  societies,  educational 
institutions  and  scientific  and  technical 
journals,  and  it  may  be  that  in  the  future 
we  shall  see  some  form  of  co-ordination 
of  all  th(>se  activities  so  that  we  may  all 
be  members  of  an  arn\y  of  workers  in 
a])plied  science,  engaged  in  the  develop- 
ment of  our  national  industries." 

The  Chairman  then  called  ui)on  Dr. 
Garnett  to  read  his  paper  (see  pp.  154-166). 
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THE  SPHERE  OF   THE   SCIENTIFIC   AND  TECHNICAL 

PRESS  IN  RELATION  TO  TECHNICAL 

EDUCATION  AND  RESEARCH. 

By  Dr.  William  Garnett 
(late  Educational  Adviser  to  the  London  County  Council). 

(Introduction   to  a  discussion  at  a  meeting  of  the  Circle  of  Scientific,  Technical  and  Trade 
Journalists  held  at  the  Hall  of  the   Institute  of  Journalists,  Tudor  Street,  Blackfriars, 
London,  E.G.,  at  8  p.m.  on  Tuesday,  March  14th,  1916.) 


1.  The  Technical  Instruction  Acts  and 
the  Education  Acts. 

On  May  1st,  1904,  the  day  appointed 
under  the  Education  (London)  Act,  1903, 
the  last  trace  of  technical  education  was 
removed  from  the  Statute  Book  of 
England.  Although  the  Education  Act 
of  1902  had  come  into  operation  in  the 
provinces  a  year  earlier,  London  remained 
under  the  Technical  Instruction  Acts, 
with  their  definitions  of  technical  and 
manual  instruction,  and  technical  educa- 
tion to  cover  both,  until  "  the  appointed 
day,"  but  since  then  we  have  had  no 
statutory  definition  of  technical  educa- 
tion. In  fact,  there  is  not,  and  never 
has  been,  any  statutory  definition  of 
education  itself.  We  must  regard  it  as 
a  primary  conception,  like  time  and 
space,  which  everybody  is  supposed  to 
understand  but  no  one  can  define  in 
terms  of  things  simpler  than  itself.  The 
repeal  of  these  definitions,  with  all  the 
restrictions  they  implied,  greatly  in- 
creased the  powers  of  local  education 
authorities,  for  it  was  no  longer  illegal 
to  supply,  or  aid  the  supply  of,  instruc- 
tion in  the  practice  of  any  trade,  industry 
or  employment ;  a  restriction  introduced 
into  the  Technical  Instruction  Act  by 
the  Labour  Party  in  1889,  which  they 
themselves  regretted  when  experience 
had  given  them  confidence  in  the  educa- 
tional work  done  by  the  local  authorities. 
Unfortunately,  in  London  at  any  rate, 
it  was  not  possible  in  1904  to  take  full 
advantages  of  the  freedom  which  the 
new  Act  offered  in  the  direction  of  render- 
ing further  assistance  to  professional  and 


trade  education,  because  the  transfer  to 
the  Council  of  the  whole  of  the  work  of 
the  School  Board  diverted  attention  to 
the  administration  and  development  of 
elementary  education  and  the  training 
and  selection  of  teachers,  with  the  organ- 
isation of  secondary  education  as  a  means 
thereto ;  and  technical  education,  for 
which  the  law  now  prescribed  no  excep- 
tional treatment,  had  to  experience  a 
temporary  check  and  bide  its  time  for 
further  rapid  development. 

2.  Technical  Education  since  1904. 

I  do  not  mean  that  nothing  has  been 
done  during  the  last  twelve  years  for  the 
benefit  of  industry,and  especially  scientific 
industry.  The  Imperial  College  would 
itself  be  sufficient  answer  to  such  a 
suggestion.  Many  trade  schools  have 
been  established  for  women  and  some 
pre-apprenticeship  schools  of  an  essen- 
tially trade  character  have  been  provided 
for  boys,  while  maintenance  scholarships 
have  been  made  tenable  in  both  classes 
of  schools  ;  but  we  have  not  yet  estab- 
lished systematic  courses  of  training  on 
carefully  thought-out  lines  for  the  indus- 
trial statesman  or  leader  of  industry,  the 
technical  expert,  the  works  manager, 
the  workshop  manager,  the  foreman,  the 
precision  worker  or  other  highly  skilled 
mechanic,  including  the  superintendent 
of  automatic  or  semi-automatic  tools, 
and  the  machine  minder.  The  war  has 
taught  us  the  need  of  an  industrial  army 
organised  with  its  due  proportion  of 
officers,  non-commissioned  officers  and 
men,  all  trained  for  the  work  they  have 
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to  do.  One  great  difficulty  witli  which 
the  Ministry  of  Munitions  has  had  to 
cope  has  been  the  lack  of  precision 
workers,  men  who  could  work  in  hardened 
steel  to  an  accuracy  of  one  three-thou- 
sandth of  an  inch  or  less,  and  hereafter 
our  engineering  schools  will  have  to 
adapt  themselves  to  the  requirements  of 
the  most  up-to-date  works, 

3.  Need  for  Practical  Work  in  Schools. 

But  of  far  more  importance  than  any 
technical  detail  is  the  development 
throughout  our  whole  educational  system 
of  individual  resourcefulness  and  self- 
reliance.  These  qualities  are  not  pro- 
duced by  studying  text-books,  often 
written  by  authors  who  themselves  have 
no  first-hand  knowledge  of  their  subject, 
or  by  listening  to  oral  teaching  and  repro- 
ducing it  in  an  essay.  Even  the  solution 
of  mathematical  problems,  while  it 
quickens  a  very  useful  type  of  intelli- 
gence, does  not  necessarily  develop  re- 
sourcefulness or  self-reliance  except  on 
paper.  Our  educational  system  must  aim 
at  bringing  children  more  into  contact 
with  things,  from  which  the  symbolic 
methods  of  the  drawing  office  and  the 
mathematical  class-room,  which  are  abso- 
lutely essential  in  their  place,  should 
naturally  grow,  as  the  young  worker 
finds  by  experience  that  he  needs  their 
assistance.  The  Scout  problem  of  light- 
ing a  fire  in  the  open  air  with  the  use  of 
not  more  than  two  matches  develops 
more  self-reliance  than  the  mastery  of 
all  the  facts  in  a  text-book  of  geography 
or  history.  1  am  not  depreciating  these 
latter  subjects  ;  I  am  only  seeking  for 
an  illustration  by  comparison.  I  have 
often  said  that  of  the  subjects  I  studied 
at  school,  Latin  prose  has,  perhaps, 
been  to  me  the  most  useful,  not  because 
I  am  ever  called  upon  to  write  a  Latin 
epigram,  but  because  the  practice  of 
Latin  proae  developed  the  habit  of 
examining  carefully  into  the  meaning  of 
words  and  the  best  forms  of  expression, 
and  much  of  my  life  has  been  spent 
among  papers  and  Acts  of  Parliament, 
though  my  tastes  would  have  led  me 
into  work  of  construction.  Closely 
associated  with  self-reliance  and  resource- 
fulness is  ([uickness  of  perception  which  is 
also  developed  by  good  scout  training, 
but  necessitates  dealing  with  real  things. 


4.  How  Can  the  Press  Help. 

The  first  step  which  I  think  should 
be  taken  by  the  scientific  and  technical 
press  to  help  the  education  of  the 
country  is  to  create  a  public  opinion  in 
favour  of  further  developing  in  elementary 
and  secondary  schools  the  self-reliance 
and  resourcefulness  which  spring  from 
a  conscious  mastery  of  Nature  through 
the  successful  performance  of  real  pieces 
of  work,  and  not  their  paper  analogues. 
As  things  now  are,  self-reliance  is  learned 
mainly  in  the  playing  fields  ;  but  much 
progress  has  been  made  in  the  last  few 
years  in  the  desired  direction  in  the 
elementary  schools.  This  is  a  reform 
which  will  affect  the  whole  population. 
The  next  step  is  to  endeavour  to  secure 
more  systematic  training  for  each  of 
the  classes  of  workers  to  which  I  have 
referred,  and  in  particular  to  see  that 
industrial  statesmen  study  economics 
not  less  diligently  than  workshop 
appliances. 

In  order  that  the  teaching  of  the 
schools  should  be  more  closely  related 
to  the  practical  problems  of  life  it  is 
essential  that  some  of  the  teachers, 
whose  tastes  lie  in  that  direction,  should 
have  greater  opportunities  than  they  at 
present  enjoy  of  becoming  acquainted 
with  trade  processes,  not  with  a  view  to 
their  becoming  tradesmen,  but  in  order 
that  they  may  secure  the  interest  of 
their  pupils  in  questions  bearing  on  trade 
work,  and  be  in  a  position  to  point  out 
the  practical  value  of  the  school  instruc- 
tion in  arithmetic,  geometry,  mechanics 
and  elementary  science.  Elsewhere  I 
have  suggested  that  the  two  years' 
training  college  course  should,  in  some 
cases,  be  supplemented  by  a  third  year 
in  a  polytechnic  or  other  technical 
institute  where  trade  classes  are  held  ; 
so  that  the  student,  while  working  in 
the  science  laboratories,  may  have  the 
opportunity  of  seeing  practical  work 
in  a  number  of  trades,  and,  perhaps, 
gaining  a  little  experimental  experience 
in  some  of  them. 

Moreover,  apart  from  their  indirect 
influence  on  the  methods  of  teaching 
in  elementary  and  secondary  schools, 
scientific  and  technical  journals  can 
themselves  act  as  a  valuable  educational 
agency  by  the  dissemination  of  informa- 
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tion  and  ideas  on  applied  science  and 
technical  research  in  the  industries  with 
which  they  are  in  contact. 

5.  National  Organisation  of  Industry. 

In  the  February  number  of  a  trade 
journal,  the  Watchmaker  and  Jeweler, 
the  Editor,  Mr.  W.  A.  Steward,  remarks, 
after  referring  to  the  aerial  struggle  of 
the  nations  in   "  Locksley  Hall  "  : — 

"  It  is  not  the  poet  who  warns  you  now, 
but  the  business  man,  awakened  from 
his  lethargy  and  dreams  of  security.  The 
trade  war  is  to  become  something  more 
than  securing  personal  aggrandisement, 
it  is  to  be  waged  as  a  matter  of  national 
strength,  as  a  means  of  preventing 
another  great  war.  Let  our  trade 
battalions  find  a  leader  who  will  organise 
them  into  army  corps.  .  .  .  You 
cannot  win  wars  by  forming  committees, 
neither  can  they  be  won  by  selfish 
individualism.  The  individual  must  be 
prepared  to  efface  himself  in  order  that 
the  whole  may  be  more  and  more." 

So  much  for  national  organisation 
versus  individual  competition. 

6.  The  Need  for  the  Diffusion  of  Science. 

The  next  point  which  I  would  urge, 
though  it  is  somewhat  outside  the  main 
subject  of  this  paper,  is  the  necessity 
for  a  more  widespread  distribution  of 
scientific  knowledge,  not  among  scientific 
workers,  but  among  the  general  public, 
including  statesmen  and  civil  servants. 
The  teaching  of  science,  like  that  of  some 
other  subjects,  has  become  far  too  highly 
specialised.  I  have  sat  on  a  University 
Committee  with  a  number  of  Professors 
discussing  the  subjects  for  matriculation 
where  nearly  all  the  members  requested 
that  their  own  subjects  should  not  be 
included  as  they  preferred  that  boys 
entering  their  classes  from  school  should 
have  no  previous  knowledge  thereof  in 
order  that  the  boys  might  then  be 
professionally  trained  from  the  start. 
When  I  was  a  school  boy  the  Polytechnic 
in  Regent  Street  was  a  place  of  very 
popular  scientific  entertainment.  Pepper's 
Playbook  of  Science  was  an  ordinary 
school  prize,  but  more  important  than 
these  were  the  popular  lectures  eiven 
in  the  School  of  J\iines  in  Jermyn  Street 
by  such  men  as  Huxley,   Tyndall  and 


Frankland,  quite  free  to  the  public. 
Let  us  retain  a  strictly  scientific  course 
of  training  for  the  youth  who  is  to  make 
science  his  profession,  as  we  provide 
professional  courses  for  architects, 
engineers,  lawyers,  doctors  and  other 
professional  men,  but  let  us  endeavour 
to  secure  that  the  educated  public  shall 
have  such  a  general  knowledge  of  the 
phenomena  of  Nature  and  of  the  more 
important  manufacturing  processes  that 
Members  of  Parliament  will  cease  to 
wonder  whether  we  shall  ever  know  why 
the  moon  appears  to  change  her  shape, 
and  we  shall  not  be  told  that  lard  has 
only  just  been  discovered  as  a  source 
of  glycerine,  that  mineral  oil  from 
Galicia  is  equally  useful  for  this  purpose, 
that  wool  will  take  the  place  of  cotton 
in  the  manufacture  of  nitro-cellulose 
for  propellants,  or  that  a  cargo  of  phos- 
phate has  been  seized  lest  it  should  be 
used  by  the  enemy  for  the  manufacture 
of  phosgene  gas.  As  far  as  I  know,  the 
only  connection  between  phosphorus 
(the  light  producer)  and  phosgene  (the 
product  of  light)  is  that  the  former  emits 
a  brilliant  light  when  burned,  and  shines 
in  the  dark  when  exposed  to  air,  while 
the  latter  is  commonly  made  by  exposing 
to  sunlight  a  mixture  of  carbon  monoxide 
and  chlorine,  the  light  causing  the  union 
of  the  gases. 

In  this  connection  very  great  services 
might  be  rendered  by  the  press,  not  so 
much  by  the  publication  of  scientific 
articles  as  by  encouraging  the  resuscita- 
tion of  what  I  may  call  popular  science 
as  part  of  a  general  education,  both  in 
school  and  after  school  days  by  suitable 
books  and  lectures.  Nature  has  set  a 
good  example  in  this  respect.  Thirty 
years  ago,  before  the  coming  of  the  kine- 
matograph,  when  its  precursor,  the  zoe- 
trope,  aft'orded  the  best  example  of  moving 
pictures,  audiences  of  several  hundreds 
were  common  at  scientific  lectures,  out- 
side the  Royal  Institution.  Now  the 
classes  of  the  Workers'  Educational 
Association  have  partly  taken  the  place 
of  University  Extension  lectures.  The 
classes  are  small,  which  is  a  good  feature 
for  systematic  training  and  the  en- 
couragement of  free  discussion,  but  they 
are  generally  on  social  or  economic 
questions,  and  science  in  its  pure  form  or 
in   its   application   to  industry   receives 
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little  attention  outside  the  professional 
circle. 

It  was  publicly  stated  some  weeks  ago 
that  Lord  Haldane  once  promised  that 
if  the  Liberal  Party  came  into  power 
there  should  be  a  due  proportion  of 
scientific  men  in  all  Government  offices. 
This  result  has  not  yet  been  brought 
about  by  the  Commission  on  the  Civil 
Service.  Perhaps  this  is  another  field 
for  the  influence  of  the  press,  but  it  must 
always  be  borne  in  mind  that  in  adminis- 
trative work,  where  the  dealing  is  with 
men  rather  than  things,  the  student  of 
the  Humanities  has  a  great  advantage. 
Though  I  am  pleading  for  a  much  more 
general  knowledge  of  science  among 
Civil  Servants,  I  am  not  prepared  to 
recommend  that  a  large  proportion  of  the 
Civil  or  Municipal  Service  should  consist 
of  scientific  specialists  who  have  made 
science  their  principal  subject  of  study. 
There  should  be  a  small  proportion  of 
such  scientific  men  in  every  Government 
office,  selected  according  to  the  nature  of 
the  work  of  the  department  concerned ; 
and  a  larger  proportion  in  some  depart- 
ments. The  Board  of  Trade,  the  Ad- 
miralty and  the  Ministry  of  Munitions, 
for  example,  require  a  great  many 
scientific  members  on  the  staff,  but  as 
Government  and  Municipal  offices  are  at 
present  conducted  the  success  of  an 
administrative  officer  depends  not  so 
much  on  his  knowledge  of  the  right  thing 
to  do  in  order  to  achieve  the  greatest 
advantages  for  the  community  as  on  his 
power  of  gauging  what  his  superior 
officers,  or  Parliament,  or  his  local 
authority,  are  prepared  to  permit  him 
to  do.  The  officer  who  proposes  the 
course  of  action  which  other  people  are 
desiring  to  take,  though  they  have  not 
formulated  their  desire,  succeeds  in 
public  life  ;  the  officer  who  studies  things 
rather  than  character  and  proposes  what 
is  absolutely  the  best,  but  is  a  few  years 
in  advance  of  public  opinion,  is  a  failure 
in  official  life  though  he  may  live  to  see 
all  his  proposals  carried  out — by  others. 
This  goes  far  to  explain  the  success  in 
administrative  work  of  the  Oxford 
student  of  the  Humanities  and  the  ad- 
vantages offered  to  him  by  the  Civil 
Service  examinations.  The  choice  of 
convincing  words  and  elegance  of  diction 
will,  perhaps,  complete  the  explanation. 


An  examination  for  Class  I.,  based  mainly 
on  science,  would  bring  men  to  the  top 
of  the  list  who  would  afterwards  be 
declared  to  be  administrative  failures. 
Sometimes,  of  course,  the  scientific  man 
possesses  also  the  power  of  gauging  public 
opinion  and  the  readiness  to  waive  his 
scientific  conclusions  for  the  present. 
He  may  even  be  a  member  of  the  Fabian 
Society ;  but  the  power  to  quote  Plato 
and  Aristotle  as  authorities  still  counts. 

7.  The  Case  for  Scientific  Research. 

After  all  that  has  recently  been  written 
on  the  subject  there  is  no  occasion  this 
evening  to  recite  the  history  of  the 
application  of  science  to  industry  in 
order  to  prove  the  desirability  of  en- 
couraging industrial  research.  Few  per- 
sons to-day  will  doubt  that  even  the 
purely  scientific  investigator,  if  allowed 
suitable  facilities  for  his  work,  and 
adequately  assisted  in  its  practical  de- 
velopment, can  afford  very  great  aid  to 
industry.  Certainly  we  need  not  go  back 
to  the  Davy  safety  lamp,  or  Faraday's 
discovery  of  the  "  magnetic  spark,"  the 
origin  of  every  electric  generating  station 
in  the  world  to-day,  when  we  have  seen 
produced  in  the  last  few  months  the  anti- 
gas  helmet,  which  has  been  so  effective 
in  protecting  the  soldiers  on  the  Western 
Front.  Only  a  very  short  time  ago  a 
research  student  at  Manchester,  working 
for  his  M.Sc.  degree,  developed  a  method 
of  enabling  a  generator  to  take  a  much 
greater  over-load  than  had  previously 
been  possible,  and  within  a  year  a  rotary 
converter  of  500  kilowatts  capacity,  was 
installed  and  working  at  the  Salford 
Generating  Station  on  his  design.  I  have 
frequently  contended  that  the  phenomenal 
rate  at  which  electrical  engineering 
advanced  during  the  early  years  of  its 
recognition  as  a  profession  was  due  to 
the  number  of  university  men  trained  in 
mathematics  and  physics  who  took  up 
the  subject  and  to  the  facilities  provided 
by  educational  laboratories.  The  experi- 
ments of  Hertz,  apparently  of  no  practical 
value  in  their  results,  based  on  Maxwell's 
electromagnetic  theory  of  light,  which 
when  enunciated  by  him  in  1865  appeared 
to  be  not  simply  in  the  clouds  but  far 
above  them,  have,  in  the  course  of  a  few 
years,  produced  wireless  telegraph}' ;  but 
between  the  work  of  Hertz  and  a  Marconi 
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Transatlantic  station  there  has  been  an 
immense  amount  of  patient  labour  which 
affords  an  illustration  of  what  is  some- 
times required  in  the  second  stage  of 
scientific  research  to  which  I  shall 
presently  refer  more  particularly. 

8.  The  Advisory  Council  for  Research. 

I  suppose  that  the  appointment  in 
July  last  by  the  IMinister  of  Education 
of  an  Advisory  Council  for  Research 
has  been  generally  welcomed,  except 
by  those  who  think  that  the  Scientific 
Societies  ought  to  be  able,  of  their  own 
initiative,  to  create  all  the  machinery 
required  not  only  for  the  work  needed 
in  the  department  of  each,  but  also  for 
the  joint  action  of  several  where  industrial 
interests  overlap.  Provided  that  the 
Advisory  Council  is  entrusted  with  the 
distribution  of  adequate  funds  and  with 
powers  sufficient  to  secure  that  its 
ad\dce  vnR  be  followed,  and  provided 
further  that  it  does  not  attempt  to  do 
ever}i;hing  off  its  own  bat,  but  fully 
utilises  the  services  of  all  the  scientific, 
professional  and  trade  societies  willing 
to  co-operate  in  proposing  subjects  for 
investigation,  selecting  the  institutions 
where  the  work  can  be  carried  out, 
choosing  the  workers  and  superintending 
the  investigations,  it  may  render  services 
of  extreme  value.  It  is  also  important 
that  the  laboratories  of  universities, 
colleges  and  technical  institutions  should 
be  utilised  for  organised  research  to  the 
utmost  extent  compatible  with  the 
educational  work  for  which  these 
institutions  were  primarily  founded,  but 
when  this  is  done  it  will  be  found  that  a 
great  many  new  institutions  will  be 
required  and  must  be  established  under 
the  guidance  of  the  Advisory  Council, 
and,  perhaps,  to  a  great  extent,  through 
funds  provided  by  Parliament,  though 
much  of  the  money  required  should 
be  provided  by  the  trades  interested. 
The  duties  of  the  Advisory  Council  are 
thus  set  forth  by  the  President  of  the 
Board  of  Education  : — 

"  The  Primary  functions  of  the 
Advisory  Council  will  be  to  advise  the 
Committee  of  Council  on  : — 

"  (i.)      Proposals      for       instituting 

specific  researches  ; 

"  (ii.)  Proposals  for  establishing  or 

developing  special  institutions  or  de- 


partments of  existing  institutions  for 
the  scientific  study  of  problems  affect- 
ing particular  industries  and  trades  ; 

"  (ill.)  The  establishment  and  award 
of  research  studentships  and  Fellow- 
ships." 

The  President  of  the  Board  of  Educa- 
tion states  that  there  must  be  a  single 
fund  for  the  assistance  of  research  for  the 
Kingdom  as  a  whole,  under  a  single 
responsible  Body.  That  Body  is  a 
Committee  of  the  Privy  Council  com- 
prising half-a-dozen  Ministers  of  the 
Crown  and  certain  non-official  Members. 
It  is  nominally  the  function  of  the 
Advisory  Council  to  advise  this  Com- 
mittee, but,  presumably,  the  main 
function  of  the  Committee  is  to  act  as 
an  intermediary  between  Parliament 
and  the  Advisory  Council  in  connection 
with  the  appropriation  of  Parliamentary 
moneys. 

Dr.  Fleming,  in  his  paper  read  before 
the  Royal  Society  of  Arts  on  February 
9th,  said  :  "  This  war  is  a  war  quite  as 
much  of  chemists  and  engineers  as  of 
soldiers  and  sailors.  Hence,  from  the 
point  of  view  of  national  security  alone, 
we  must  take  steps  to  foster  scientific 
investigation."  The  War  Office,  the 
Admiralty  and  the  Ministry  of  Munitions 
have  taken  steps  for  the  period  of  the 
war.  For  a  permanent  institution,  the 
Government  has  established  the  Com- 
mittee of  Council,  and  the  Advisory 
Council  for  Research.  As  in  other  cases 
the  Committee  of  Council  may,  in  course 
of  time,  be  replaced  by  a  new  Ministry. 
There  are  many  men  of  science  who 
deprecate  any  State  interference  with 
research,  and  Dr.  Fleming  is  apparently 
one  of  these  ;  but  in  the  paper  already 
referred  to  he  says  :  "  No  great  enter- 
prise can  be  carried  out  unless  there  is 
some  degree  of  surrender  of  initiative 
and  acceptance  of  direction  from  a  higher 
command.  To  carry  out  this  principle 
in  scientific  work  it  appears  to  me  that 
we  require  to  a  fuller  extent  than  we 
have  it  at  present  the  system  of  scientific 
work  done  to  order."  Hitherto  there 
has  been  no  sign  of  the  "  higher  com- 
mand "  coming  from  the  Royal  Society 
or  from  any  combination  of  scientific 
societies.  The  British  Association  is 
almost  the  only  body  which  has  suc- 
cessfully  attempted  the  organisation  of 
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researcli,  and  the  time  has  come  when 
the  Government  should  take  the  matter 
in  hand. 

The  main  work  for  the  Advisory 
Council  is  well  indicated  by  another 
statement  of  Dr.  Fleming  :  "If  some 
men  are  to  surrender  initiative  in  their 
work,  then  others  must  give  time  and 
thought  to  planning  the  outlines  of  the 
scientific  campaigns.  We  need  not  only 
the  Regimental  Ofl&cers,  but  the  General 
Staff,  if  there  is  to  be  effective  achieve- 
ment." Another  requirement  is  set 
forth  by  Dr.  Fleming  thus  :  "  We  have 
to  formulate  in  precise  detail  the 
suggestions  for  future  work,  and  bring 
them  to  the  notice  of  those  who  may  be 
able  or  willing  to  work  them  out." 
Herein  the  Advisory  Council  will  need  all 
the  assistance  which  can  be  given  to  it 
by  the  scientific,  professional  and  trade 
societies  and  the  technical  and  scientific 
journals  representing  them,  as  well  as 
by  individual  manufacturers  and  scientific 
experts. 

There  are  two  methods  by  which  the 
Advisory  Council  may  secure  the  necessary 
"  touch  "  with  industrial  interests.  The 
better  of  the  two  is  the  voluntary  forma- 
tion by  the  traders  themselves  of  Associa- 
tions or  Committees  to  advise  the  Council 
and  work  in  conjunction  with  it  and,  to 
some  extent,  under  its  guidance,  while 
they  themselves  enjoy  the  full  confidence 
of  the  trades  they  represent.  The  other 
method  is  the  formation  of  Committees 
for  particular  trades  or  groups  of  trades 
by  the  Advisory  Council  itself  which 
would  invite  leading  members  of  an 
industry  to  form  a  Committee  which 
would  come  between  the  Advisory  Council 
and  the  Trade. 

9.  The  Stages  of  Industrial  Research. 

Broadly  speaking,  the  results  of  indus- 
trial research  may  be  divided  into  two 
classes — those  which  relate  to  improve- 
ments in  processes  or  appliances  already 
widely  used  and  those  which  introduce 
entirely  new  products  or  methods  of 
manufacture,  generally  necessitating  large 
capital  expenditure  before  they  can  be 
commercially  applied.  To  this  distinction 
I  shall  have  to  refer  later  on.  The  work 
which  is  involved  in  developing  the 
results  of  discoveries  so  as  to  render  them 
successful  when  applied  on  a  commercial 


scale  varies  in  different  cases  as  much 
as  the  character  of  the  investigations 
which  led  to  them,  but  in  very  many 
cases  three  stages  may  be  recognised  in 
the  whole  process  : — 

(1)  Inception.  The  purely  scientific 
investigation  conducted  in  the  research 
laboratory,  frequently  with  no  definite 
practical  object  beyond  the  desire  on  the 
part  of  the  investigator  to  extend  the 
boundaries  of  knowledge. 

(2)  Adaptation  and  Standardisation.  The 
practical  adaptation  of  the  discovery  to 
a  manufacturing  process  on  a  small 
scale  ;  the  testing  of  the  results  and  the 
removal  of  the  difficulties  which  occur  in 
practice  ;  the  standardisation  of  processes 
and  parts. 

(3)  Commercialisation.  The  adaptation 
of  apparatus  and  processes  to  manufac- 
ture on  a  commercial  scale  where  cost  of 
production  is  a  prime  factor. 

As  pointed  out  the  other  day  by  Sir 
Wm.  Tilden,  Britain  and  France  have 
been  prominent  in  Stage  I.  Germany's 
success  has  probably  been  largely  due  to 
her  patient  work  in  Stage  II. 

10.  The  College  Laboratory. 

Sometimes  all  three  stages  are  carried 
out  in  the  works  purely  in  the  interest 
of  one  firm  ;  and  in  this  case  the  public 
may  in  course  of  time  purchase  the  goods 
but  they  will  learn  nothing  about  the 
investigation.  Research  conducted  in 
this  way  will  continue,  but  will  not 
generally  come  under  the  purview  of  the 
Advisory  Council  or  any  public  authority. 
For  researches  conducted  with,  the  aid 
of  public  money  considerable  provision 
is  made  for  the  first  stage  in  the  labo- 
ratories of  university  and  technical 
institutions  where  professors  and  other 
teachers  work  with  their  students,  both 
pre-graduate  and  post-gTaduate.  Much 
of  the  students'  work  has  purely  an 
educational  aim,  providing  training  in 
methods  of  research  which  the  student 
may  afterwards  apply  with  a  more 
definite  industrial  object,  but  even  such 
work  may  lead  to  results  of  great  intrinsic 
value,  as  in  the  case  of  the  Salford 
generator  already  mentioned.  Work  of 
this  type  is  carried  out  by  the  research 
scholars  appointed  by  the  Commissioners 
of  the  1851  Exhibition,  and  it  is  very 
desirable    that    the    number    of    these 
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researcli  scliolarships  should  be  increased 
and  that  university  graduates  who  are 
looking  forward  to  occupying  leading 
positions  in  industry  should  gain  in  this 
way  some  experience  of  the  methods  of 
research.  But  other  investigations  in 
the  college  laboratory  may  be  conducted 
with  the  special  object  of  solving  some 
industrial  problem.  Many  such  investiga- 
tions have  been  carried  out  since  the 
commencement  of  the  war  for  the 
Admiralty,  the  War  Oflice  and  the 
Ministry  of  Munitions.  In  a  schedule  of 
such  work  prepared  by  certain  univer- 
sities I  noticed  more  than  a  dozen  items 
deleted  by  the  Press  Bureau,  which 
appears  in  itself  to  be  sufficient  evidence 
of  their  value,  while  it  also  suggests  to 
me  the  undesirability  of  talking  about 
them.  More  research  professors,  more 
research  scholars  and  more  laboratory 
accommodation,  with  more  liberal  equip- 
ment, will  undoubtedly  be  required  if 
sufficient  provision  is  to  be  made  for 
Stage  I.,  but  the  first  step  which  should 
be  taken  by  the  Advisory  Council  is  the 
preparation  of  a  schedule  showing  all 
the  exi.sting  provision  in  public  educa- 
tional institutions,  the  qualifications  of 
the  superintendents  of  the  laboratories  and 
their  assistants,  measured  not  by  their 
degrees  but  by  the  original  work  they 
have  done,  and  the  number  and  status 
of  the  students  assisting  in  original  work. 
The  schedule  would  include  laboratories 
for  all  branches  of  engineering,  chemistry, 
metallurgy,  physics,  botany,  geology, 
bacteriology,  and,  perhaps,  biology  and 
physiology.  Certainly  the  physiological 
laboratories  have  been  called  upon  to 
undertake  very  important  investigations 
in  connection  with  the  present  war. 

11.    Work    for    Trade    Societies. 

Of  the  investigations  conducted  in  these 
laboratories  many  would  be  initiated  by 
the  teachers  in  charge,  others  would  be 
carried  out  on  the  recommendation  of 
professional  or  trade  associations,  others 
again  at  the  request  of  commercial  firms, 
and  some  would  be  suggested  by  the 
Advisory  Council  itself.  The  work  of  the 
Advisory  Council  may  be  greatly  relieved 
by  trade  associations,  who  will  ascertain 
the  facilities  for  research  in  their  district 
and  introduce  the  manufacturer  to  the 
superintendent  of  the  laboratory,  a  suit- 


able report  being  sent  to  the  Advisory 
Council,  but  in  some  cases  the  Council 
must  itself  invite  trade  societies  and 
professional  institutions  as  well  as  private 
firms  to  bring  directly  to  them  problems 
requiring  solution.  In  connection  with 
the  Research  Fellowships  established  by 
the  late  Dr.  Duncan  in  the  United  States, 
the  manufacturing  firms  who  provide 
the  expenses  of  the  Fellowships  state  the 
particular  problems  which  they  desire  to 
be  solved  in  the  university  laboratories, 
and  offer  facilities  in  their  own  works  for 
any  part  of  the  investigation  for  which 
the  university  laboratories  are  less  suit- 
able. I  am  told  by  Mr.  A.  P.  M.  Fleming 
that  most  of  the  Fellows  who  have  carried 
out  these  researches  have  entered  the 
industries  concerned. 

There  are  those  who  urge  that  scientific 
research  should  be  left  entirely  in  the 
hands  of  scientific  men  and  their  asso- 
ciations without  any  interference  on  the 
part  of  a  State-appointed  committee. 
There  is  much  to  be  said  for  the  view 
that  there  should  be  no  interference  on 
the  part  of  such  a  committee  with  re- 
search spontaneously  undertaken  by 
scientific  workers,  but  for  the  discovery 
and  solution  of  problems  of  industrial 
importance  some  machinery  is  required 
which  will  bring  the  manufacturers  and 
scientific  investigators  into  much  closer 
association.  It  is  the  nature  of  this 
machinery  on  which  opinions  differ.  I 
have  indicated  above  the  two  forms 
which  I  think  it  might  take. 

12.  Adaptation  and  Standardisation. 

For  the  Second  Stage,  the  facilities 
afforded  by  public  institutions  are  less 
extensive  than  for  Stage  I.  There  are 
some  technical  institutes  in  which 
adequate  provision  is  made,  both  for 
Stage  I.  and  Stage  II.,  except  that  if 
the  institute  is  a  monotechnic  institute 
and  not  part  of  a  much  larger  institution 
the  co-operation  of  professors  of  other 
branches  of  science  or  technology  is 
lacking.  In  the  Leathersellers'  College 
in  Tower  Bridge  Road,  skins  can  be 
tanned,  dyed  and  dressed  ready  for 
market,  and  rendered  quite  as  saleable 
as  in  a  commercial  leather  works,  but  the 
output  is  necessarily  very  small.  The 
College  also  possesses  analytical  and 
research  laboratories  designed  to  smt  all 
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the  requirements  of  the  director  of  the 
school,  who  has  a  very  high  reputation 
as  an  investigator  of  questions  con- 
nected with  the  tanning  and  dressing 
of  leathers.  Similar  conditions  obtain  in 
the  tanning  department  of  the  University 
of  Leeds  under  Professor  Procter.  The 
L.C.C.  School  of  photo-engraving  and 
lithography  is  equipped  for  research  in 
photo-process  work,  and  it  can  turn  out 
blocks  comparable  with  the  best  in  the 
trade,  but  it  is  not  in  a  position  to  take 
an  order  for  a  number  of  half-tone  blocks 
to  be  delivered  the  same  day.  Here,  as 
in  the  leather  works,  the  output  consists 
of  distinct  uuits  and  the  processes  are 
the  same  for  a  single  skin  or  process 
block  as  for  a  thousand.  This  is  not 
the  case  with  pig-iron  or  sulphuric  acid  or 
Boda  crystals.  In  many  of  our  manu- 
factures the  process  must  be  carried  out 
on  a  large  scale,  but  even  in  some  of 
these  cases  technical  colleges  are  provided 
with  the  necessary  equipment  for  Stage  II. 
Steel  manufacture  is  thus  treated  in  the 
University  of  Sheilfield  and  provision 
is  made  for  some  other  branches  of 
metallurgy  in  the  Imperial  College  at 
South  Kensington.  Cotton  spinning  and 
weaving,  calico  printing  and  paper-making 
are  treated  on  a  commercial  scale  in  the 
Manchester  School  of  Technology,  and  the 
woollen  industries  in  the  University  of 
Leeds,  at  Bradford  and  elsewhere.  In 
these  institutions  there  is  provision 
for  laboratory  research,  for  manufacture 
on  the  commercial  scale  and  for  testing 
the  results,  mechanically  and  otherwise. 
In  the  engineering  laboratories  of  all  the 
higher  institutions  there  is  more  or  less 
adequate  provision  both  for  Stages  I.  and 
II.,  especially  in  connection  with 
mechanical  engineering,  including  "  prime 
movers,"  and  electrical  engineering. 
Structural  engineering  cannot,  of  course, 
be  carried  out  in  the  laboratory,  for 
the  small  scale  model  has  entirely  different 
mechanical  properties  from  those  of  the 
full  scale  structure.  Geometrical  and 
dynamical  similarity  are  not  governed 
by  the  same  laws.  In  structural  engineer- 
ing the  ordinary  laboratory  can  do  little 
more  than  test  materials  and  fastenings. 
But  while  for  a  very  limited  number 
of  industries  provision  can  be  made, 
both  for  Stages  I.  and  II.  in  the  college 
laboratory  and  workshop,  and  in  some 


there  is  no  need  for  special  experiments 
under  Stage  III.,  in  many  of  the  most 
important  branches  of  work  it  is  not 
possible  to  provide  even  for  Stage  II. 
in  the  college  laboratory,  and  if  it  were 
possible  it  would  be  undesirable  to  take 
up  the  time  of  the  professional  stafi 
with  the  supervision  of  the  great  amount 
of  routine  work  which  is  often  involved 
in  what  I  have  called  "  Adaptation  and 
Standardisation."  It  is  easy  in  a  college 
laboratory  to  provide  facilities  for  electri- 
cal experiments  at  high  voltages,  20,000 
or  30,000,  or  even  100,000  volts.  It  is 
only  necessary  to  take  precautions  for 
the  safety  of  the  workers.  But  it  is 
not  possible  in  these  institutions  to 
provide  large  currents  of,  say,  3,000  or 
5,000  amperes  without  great  expense 
for  very  occasional  use.  Similarly,  a 
metallurgical  laboratory  may  be  fitted 
up  with  hand  apparatus  for  testing  the 
malleabiUty  and  ductility  of  metals 
and  alloys,  but  a  rolling  mill  for  the 
preparation  of  plates  and  bars  from  which 
test  pieces  may  be  cut  is  a  desideratum 
which,  even  on  a  very  small  scale,  cannot 
be  supplied  to  every  metallurgical 
laboratory. 

13.  The  National  Physical  Laboratory. 

For  standardising  scientific  apparatus 
and  testing  the  physical  properties  of 
matoiials  the  institution  ^^a^*  excellence 
is  the  National  Physical  Laboratory  at 
Teddington.  This  laboratory,  with  its 
250  skilled  workers  devoting  their  whole 
time  to  measurements,  and  processes 
antecedent  to  measurements,  fills  many 
a  gap  which  previously  existed  in  the 
facilities  aft'orded  for  Stage  II.,  at  least 
as  far  as  standardisation  is  concerned. 
The   Laboratory   comprises  :— - 

A  department  for  pyrometry,  with 
electric  furnaces  working  up  to  3,500°  C. 

A  department  for  the  testing  of  ther- 
mometers, including  clinical  thermo- 
meters. 

A  special  room  for  the  testing  of 
radium  by  a  standard  consisting  of  21 
milligrammes  of  radium  chloride. 

Apparatus  for  testing  thermal  con- 
ductivities and  a  laboratory  for  the 
examination  of  mineral  oils. 

A  department  for  magnetic  and  elec- 
trical measurements,  comprising  appar- 
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atus  for  testing  the  magnetic  properties 
of  samples  of  iron  and  apparatus  for 
measuring  electric  capacity  and  induct- 
ance at  various  frequencies. 

A  laboratory  for  wireless  telegraphy, 
including  a  camera  for  photographing 
sparks  up  to  2,000,000  a  second. 

An  electrical  standardising  laboratory 
with  standard  cells  and  apparatus  for 
weighing  electric  currents  and  for  measur- 
ing directly  very  small  resistances. 

An  arrangement  for  testing  compasses. 
A    department    for    testing     watches 
clocks  and  chronometers  at  high,  medium 
and  low  temperatures. 

The  optical  department  for  testing 
sextants,  theodolites,  clinometers,  tele- 
scopes, binoculars,  spectacle  lenses,  photo- 
graphic lenses  and  other  photographic 
accessories,  telescope  object  glasses  and 
spectroscopes. 

The  department  of  electrotechnics,  with 
facilities  for  working  at  high  voltage,  up 
to  100,000  volts,  and  with  currents  at 
low  voltage,  up  to  6,000  amperes,  in- 
cluding the  testing  of  commercial  and 
other  measuring  instruments. 

A  laboratory  for  photometry,  with 
special  reference  to  the  testing  of  arc  and 
glow  lamps  and  determining  the  life  of 
the  latter. 

A  room  for  illustrating  different  methods 
of  lighting,  which  was  equipped  for  the 
Home  Office  Committee  on  Factory 
Lighting. 

The  very  important  department  of 
metrology,  with  arrangements  for  measur- 
ing tapes  or  wires  up  to  50  metres, 
comparators  for  testing  standards  of 
length  up  to  4  metres,  testing  apparatus 
for  gauges,  &c.,  measuring  to  0"'00001, 
apparatus  for  measuring  all  the  features 
of  a  screw  and  for  cutting  standard  screw 
threads,  appliances  for  testing  baro- 
meters and  aneroids  and  for  measuring 
to  1  part  in  1,000,000  standards  of 
mass  from  1  gramme  to  50  kilogrammes 
and  apparatus  for  testing  taxi-mefcers. 

A  laboratory  for  engineering  tests  and 
research,  capable  of  testing  materials  in 
tension,  compression  or  bending  up  to 
100  tons.  This  laboratory  also  com- 
prises apparatus  for  impact  tests  and  for 
testing  materials  under  rapid  reversals 
of  strain,  up  to  2,500  reversals  per 
minute,  apparatus  for  testing  gauges  up 


to  a  pressure  of  24,000  lb.  per  square 
inch  and  testing  water  meters.  Research 
apparatus  has  been  fitted  for  several 
investigations  of  interest  to  engineers. 

An  aeronautical  laboratory,  with  wind 
channels,  whirling  table  for  testing  pro- 
pellers, and  two  experimental  towers 
60  feet  high  with  revolving  platforms 
for  exposing  large  models  to  the  wind. 

A  special  department  for  making  up 
experimental  road  surfaces  and  testing 
them  and  the  materials  used  in  their 
construction. 

The  Wernher  department  of  metal- 
lurgy and  metallurgical  chemistry,  with 
very  complete  appliances  for  photo- 
micrographic  work,  a  foundry  where  large 
castings  (2  or  3  tons)  can  be  made,  a 
testing  laboratory,  a  furnace  room,  a 
rolling  mill  for  alloys  used  in  aeronautics, 
and  chemical  laboratories  for  steel 
analysis,  the  analysis  of  alloys,  gas 
analysis,  and  for  research  work  on  road 
and  aeronautical  materials. 

Last,  but  not  least,  is  the  William 
Froude  tank,  550  feet  long,  with  all  its 
accessories  for  making  and  testing  ships' 
models. 

This  schedule  is  very  far  from  complete 
and  is  intended  only  to  give  an  idea  of  the 
scope  of  the  National  Physical  Laboratory, 

14.  Requirements  for  the  Chemical  Trades. 

For  the  chemical  trades  and  other 
trades  dependent  upon  them  we  have 
nothing  which  quite  corresponds  to  the 
National  Physical  Laboratory.  Much 
has  been  said  lately  about  the  manufac- 
ture of  optical  glass,  and  I  will  not  here 
repeat  it.  Primarily,  this  is  a  chemical 
industry  though  the  conditions  which 
the  glass  is  desired  to  fulfil  are  those  laid 
down  by  the  designer  of  optical  instru- 
ments and  belong  essentially  to  the 
department  of  physics.  The  glasses  made 
can  be  tested  at  the  National  Physical 
Laboratory,  and  lately  a  small  furnace 
for  glass-making  has  been  provided  there, 
but  we  have  no  public  institution 
adequately  equipped  with  appliances  for 
making  the  glass  and  for  cutting  and 
grinding  it  into  plates,  prisms  and  lenses. 
The  Optical  Institute,  which  it  was  pro- 
posed to  establish  in  London,  would  have 
met  the  requirements  of  the  optical 
instrument-maker  both  for  Stage  I.  and 
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Stage  II.  A  national  Industrial  Chemical 
Laboratory  would  have  for  its  principal 
object  the  standardisation  of  chemical 
operations  invented  in  the  research 
laboratory,  so  as  to  ascertain  precisely 
the  conditions  under  which  reactions 
take  place  most  favourably  and  at  the 
least  cost,  and  the  methods  of  securing 
a  sufficient  degree  of  purity  in  the 
product ;  but  the  great  diversity  of 
operations  required  in  manufacturing 
chemistry  will  probably  render  it  im- 
possible to  establish  a  single  institution 
for  chemistry  corresponding  to  the 
National  Physical  Laboratory.  In 
mechanics  and  physics  it  is  possible  to 
provide  a  set  of  apparatus  capable  of 
making  nearly  all  the  measurements 
likely  to  be  required.  A  department  of 
metrology,  for  instance,  will  suffice  to 
measure  linear  dimensions  of  any 
materials  for  whatever  purpose  they  may 
be  used.  Similarly  a  well-equipped  elec- 
trical standardising  department  will  deal 
with  the  electrical  features  of  almost  any 
appliance  which  may  be  submitted,  but 
nearly  every  branch  of  manufacturing 
chemistry,  when  it  has  passed  the 
laboratory  stage,  requires  separate  treat- 
ment. It  is  quite  true  that  dyeing 
materials  and  high  explosives  have  much 
in  common  in  the  basis  of  their  com- 
position, and  it  was  the  accidental 
explosion  of  a  dyeing  material,  viz., 
picric  acid,  in  Manchester,  which  gave 
the  start  to  the  manufacture  of  a  number 
of  high  explosives ;  but  the  tests  which 
have  to  be  applied  to  dyes  and  to  ex- 
plosives are  so  widely  different  that  there 
would  be  no  point  in  dealing  with  them 
in  the  same  institution.  In  chemistry, 
therefore,  there  is  much  to  be  said  for 
the  monotechnic  institution,  or  the 
standardising  laboratory  which  deals 
with  a  single  group  of  trades  such  as 
dyes,  explosives,  artificial  manures, 
mineral  colours,  oils  and  fats,  cements, 
glass,  pottery,  drugs,  rubber,  fibres 
(including  paper),  flour,  bread,  and  go  on. 
The  Society  of  Chemical  Industry  recog- 
nises 26  groups  of  chemical  trades  in  their 
classification  of  inventions.  It  would  be 
difficult  for  any  single  committee  to  keep 
even  a  general  oversight  over  such 
multifarious  institutions  and  processes, 
and  therefore  most  of  these  standardising 
laboratories  should  be  directly  managed 


by  the  trades  concerned.  This,  I  know, 
brings  us  face  to  face  with  the  greatest 
difficulty  we  are  likely  to  have  to  meet, 
and  it  is  that  of  the  distribution  of 
information.  Chemists,  beyond  all  other 
manufacturers  perhaps,  appear  to  believe 
in  the  policy  of  secrecy.  Success  in 
international  competition  implies  unity 
of  purpose  and  community  of  knowledge 
throughout  the  industrial  army,  and  this 
further  implies  division  of  labour  on  an 
econojnic  basis.  Let  knowledge  be  com- 
mon and  let  each  manufacturer  do  the 
work  which  he  can  do  best  and  most 
economically.  We  may  at  least  borrow 
this  measure  of  co-operation  from  the 
Germans,  and  it  is  only  in  this  way  that 
we  may  hope  to  secure  joint  action  in  the 
maintenance  of  a  standardising  laboratory 
which  shall  be  conducted  in  the  interests 
of  every  member  of  a  trade  or  group  of 
trades,  whether  directly  at  the  cost  of  the 
trades  or  subsidised  by  public  money. 
Where  trades  are  mainly  local  the 
laboratory  should  be  in  the  same  locality. 
If  the  press  could  help  in  uniting  the 
members  of  the  trades  to  take  joint 
action  in  their  common  interest  and  that 
of  the  industry  of  the  nation  it  would  be 
doing  most  excellent  work.  Manufacturers 
would  not  be  called  upon  to  reveal  secrets 
they  already  possess,  or  new  secrets 
which  they  may  themselves  hereafter 
discover,  but  they  should  be  persuaded 
that,  as  a  rule,  they  will  gain  more  than 
they  will  lose  by  sharing  the  knowledge 
acquired  through  combined  industrial 
research. 

Trade  committees,  either  local  or 
national,  should  be  formed,  whose  busi- 
ness it  should  be  in  the  first  instance 
to  ascertain  what  facilities  already  exist 
in  the  universities  or  technical  institutes 
for  conducting  investigations  connected 
with  their  trade,  and  to  negotiate  with 
the  Advisory  Council  respecting  the 
provision  and  maintenance  of  any  other 
institution  which  may  be  necessary, 
especially  for  the  purposes  of  adaptation 
and  standardisation.  Their  paramount 
work  would  lie  in  ascertaining  from  the 
members  of  their  trades  the  problems 
requiring  solution  and  in  apportioning 
these  problems  to  the  suitable  institutions 
and  the  appropriate  workers. 

There  is  an  extensive  field  for  the 
national  provision  of  increased  facilities 
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for  standardisation  under  the  auspices 
of  the  Advisory  Council  for  Eesearch, 
both  in  the  extension  of  the  National 
Physical  Laboratory  and,  in  co-operation 
with  the  several  trades,  in  the  provision 
of  corresponding  facilities  in  chemistry, 
including  metallurgy,  in  bacteriology, 
and,  possibly,  in  other  departments  of 
applied  science.  At  first  it  may  be 
necessary  to  employ  funds  provided  by 
Parliament,  but  if  the  results  of  the 
investigations  are  adequately  protected 
in  the  interests  of  the  State  the  income 
derived  should,  in  the  course  of  a  few 
years,  suffice  for  all  purposes  of  main- 
tenance. 

15.  Commercialisation. 

Except  where  factories  exist  for 
Government  purposes,  as  in  the  case  of 
the  Royal  Dockyards  and  Arsenals, 
the  final  steps  in  the  development  of  an 
invention,  which  I  have  included  in 
Stage  III.,  will  necessarily  be  carried  out 
in  the  commercial  works.  In  some 
cases  very  little  expenditure  on  experi- 
ment will  be  required  at  this  stage.  In 
other  cases  entirely  new  plant  will  have 
to  be  designed  and  constructed  and  new 
factories  built.  Elsewhere  I  have 
suggested  that  whenever  an  invention 
has  been  developed  wholly  or  partly  by 
means  of  public  money  the  patent  rights 
should  be  vested  in  the  State  if  the  State 
is  advised  by  competent  authority  to 
accept  the  invention.  The  manufacture 
should  be  distributed  as  widely  as  possible 
under  payment  of  a  royalty,  an  adequate 
share  of  which  should  go  to  the  inventor, 
while  the  cost  of  administration  and  the 
maintenance  of  the  research  laboratories 
to  which  I  have  referred,  should  be  a 
charge  on  the  remainder.  It  is  from  this 
source  that  I  expect  ultimately  to  meet 
all  the  costs  incurred  by  the  Research 
Council.  Until  this  source  of  income 
is  adequate  I  think  that  all  the  expenses 
I  have  recommended  would  be  a  very 
proper  charge  on  the  Development  Fund. 
Most  inventions  will  be  of  the  nature  of 
improvements  in  existing  processes  and 
then  there  will  be  no  difficulty  in  granting 
licenses  under  a  State  Patent  to  every 
member  of  the  trade  willing  to  pay  the 
fixed  royalty.  Other  patents  will  relate 
to  new  processes  involving  great  expendi- 


ture in  plant  and  in  these  cases  the  issue 
of  licences  must  be  restricted  or  no  one 
will  incur  the  expenditure  in  face  of 
unlimited  competition.  In  theory,  the 
Patent  Law  exists  solely  to  provide  for 
these  cases.  I  am  quite  aware  of  many 
difficulties  associated  with  the  proposal 
for  State  patents.  There  will,  no  doubt, 
be  a  tendency  for  research  students, 
though  working  with  public  funds,  to 
sell  privately  any  successful  results 
to  manufacturers  who  are  willing  to 
purchase,  and  this  cannot  be  entirely 
prevented,  but  in  the  majority  of  cases 
the  superintendents  of  the  laboratory 
would  be  acquainted  with  the  progress 
of  the  research  and  no  private  patent 
should  be  held  good  if  it  can  be  shown 
that  it  is  based  on  work  done  in  a  labora- 
tory wholly  or  partly  maintained  by 
public  money.  Manufacturers,  too,  will 
not  be  very  ready  to  purchase  if  they 
know  that  the  law  is  against  them  when 
the  facts  come  to  light.  Moreover,  in 
the  case  of  a  State  Patent  previous 
publication  ought  not  to  be  a  bar.  In 
this  I  agree  with  Sir  Oliver  Lodge.  The 
main  discovery  is  frequently  made  with- 
out any  thought  on  the  part  of  the 
conductors  of  the  research  of  its  practical 
application,  and  is  published  as  a  matter 
of  purely  scientific  interest.  When  the 
useful  application  is  made,  both  the 
original  inventor  and  the  originator 
of  the  application  to  a  useful  purpose 
should  have  a  share  in  the  profits. 

16.  The  Industrial  Bank. 

The  invention  which  leads  to  the 
establishment  of  a  new  industry  raises 
in  an  acute  form  the  question  of  finance. 
When  a  body  like  the  Research  Council 
is  sufficiently  confident  of  the  value  of 
an  invention  to  recommend  that  it  be 
the  subject  of  a  State  patent  an  oppor- 
tunity appears  to  be  offered  to  the 
Industrial  Bank,  which  may  be  a  separate 
banking  company  or  a  branch  formed,  as 
recommended  by  Mr.  Olsson,  by  all  the 
principal  bankers  for  the  sole  purpose  of 
advancing  industrial  undertakings.  The 
Technical  Advisory  Committee,  which 
protects  the  interest  of  the  Industrial 
Bank  in  Germany,  would  be  less  necessary 
when  the  State  has  been  advised  to 
accept  the  patent. 
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17.  An  Alternative. 

A  special  Committee  recently  appointed 
by  the  Engineers'  Club  of  Manchester 
has  reported  that  it  "is  convinced  that 
the  British  Engineering  Industry  must 
organise  without  delay  to  take  advantage 
of  present  opportunities  and  to  meet  the 
conditions  which  will  follow  the  termin- 
ation of  the  war.  In  our  opinion  Ger- 
many's success  has  been  due  to  educa- 
tion, to  co-operation,  and  to  organisation 
in  manufacturing  and  selling,  backed  up 
by  adequate  financial  support.  In 
Britain,  on  the  other  hand,  education  has 
been  unsystematic,  organisation  weak, 
and  co-operation  between  competing 
firms  almost  non-existent."  Among 
other  matters  the  Committee  recommend 
the  placing  of  the  Consular  Service  on  a 
more  business-like  footing,  the  collection 
and  dissemination  of  information,  advising 
with  respect  to  the  education  of  engineers 
and  the  establishment  of  new  schools 
and  colleges  where  necessary,  as  well  as 
scholarships  and  bursaries,  the  organisa- 
tion of  research,  and  the  creation  of  a 
Ministry  of  Industry  and  Commerce  with 
a  permanent  secretary  of  great  com- 
mercial experience  and  distinction.  Work 
of  this  kind  necessitates  in  the  first 
instance  confidence  between  the  members 
of  the  industry.  The  establishment  of 
this  confidence  is  the  principal  and  the 
most  difficult  task  in  which  the  scientific 
and  technical  press  can  assist.  It  is 
estimated  that  the  capital  invested  in 
engineering  works  is  not  less  than 
£300,000,000.  An  annual  subscription  of 
one-tenth  per  cent,  on  this  would  provide 
an  income  of  £300,000  a  year.  This 
would  provide  all  the  research  institutions 
and  all  the  research  workers  which  could 
reasonably  be  required  and  leave  a 
sufficient  margin  for  the  other  objects 
proposed.  If  the  engineering  and  other 
trades  would  organise  on  this  basis  they 
would  be  independent  of  the  State  and 
the  assistance  of  the  Advisory  Council 
would  be  required  only  to  bring  together 
different  associations  to  deal  with  matters 
of  common  interest.  This  is  an  alter- 
native method  of  solving  the  problem. 

Steps  are  already  being  taken  by  the 
Chemical  Society,  the  Society  of  Chemical 
Industry  and  the  Dyers  and  Colourists 
to  bring  together  the  chemical  trades  into 
a  similar  association. 


18.  Summary. 

My  suggestions  may  be  summarised  as 
follows  : — 

1.  Education  in  elementary  and 
secondary  schools  must  be  more  directly 
associated  with  things  so  as  to  develop 
self-reliance  and  resourcefulness,  not  to 
teach  trades. 

2.  A  considerable  proportion  of  teachers 
should  devote  a  third  year  of  training 
largely  to  practical  work  under  conditions 
enabling  them  to  become  acquainted 
with  the  practice  of  some  trades. 

3.  A  general  knowledge  of  the  pheno- 
mena of  nature  and  of  processes  applied 
in  industry  must  be  more  widely  diffused 
by  means  of  popular  lectures  and  other- 
wise. 

4.  More  completely  organised  courses  of 
instruction,  without  breach  of  continuity, 
miist  be  provided  for  industrial  workers  of 
all  classes,  including  the  leaders  of 
industry,  together  with  the  necessary 
scholarships,  fellowships  or  bursaries  to 
enable  the  best  students  to  carry  on 
post-graduate  research. 

5.  Existing  institutions  must  be  im- 
proved and  some  new  institutions  must 
be  provided,  especially  in  the  chemical 
trades,  to  enable  scientific  discoveries  to 
be  developed  sufficiently  to  demonstrate 
the  conditions  under  which  they  can  be 
made  commercially  successful. 

6.  Some  alterations  must  be  made  in 
the  patent  law  to  enable  the  profits 
arising  from  investigations  conducted 
wholly  or  partly  at  the  public  expense  to 
be  fairly  divided  between  the  State,  the 
scientific  worker  and  the  manufacturer. 

7.  Trades  should  be  organised  for 
the  purpose  of  superintending  the 
research  work  in  which  they  are  interested, 
for  the  collection  and  dissemination  of 
information  and  the  distribution  of 
work  among  firms  in  the  manner  in  which 
it  can  be  most  elTectivcly  and  economically 
carried  out  in  the  interest  of  the  industry 
as  a  whole. 

8.  The  trade  associations  should  be 
in  close  touch  with  the  Advisory  Council 
for  Research,  and  the  Council  should, 
where  necessary,  recommend  the  award  of 
Parliamentary  grants  in  aid  of  industrial 
research  carried  out  under  the  direction 
of  the  associations  and  make  provision 
for  such  work  in  cases  in  which  trade 
associations  are  not  available,   but  the 
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Advisory  Council  should  utilise  to  the 
utmost  the  ser\dces  of  these  associations 
and  of  professional  and  scientific  societies. 

9.  As  an  alternative  the  Advisory 
Council  for  Eesearch  should  appoint 
technical  committees  representative  of 
trades,  or  groups  of  trades,  to  assist  it 
in  the  organisation  of  Industrial  Research. 

10.  The  National  Physical  Laboratory 
should  be  the  central  institution  for  all 
physical  measurements  and  standardisa- 
tion, but  for  chemical  processes  a  separate 
institution  for  a  trade  or  group  of  trades 
will  frequently  be  required  for  the  work 
intermediate  between  the  discovery  of  a 
new  product  or  reaction  in  the  research 
laboratory  and  the  adaptation  of  the 
process    to    commercial    manufacture. 

11.  Some  method  of  financing  new 
processes  which  have  been  approved  by  a 
competent  authority,  other  than  the 
ordinary  method  of  floating  a  company, 
is  desirable  and  this  may  be  provided  by 
some  form  of  industrial  bank. 

19.  War  Economies. 

I  cannot  conclude  this  paper  without 
referring  to  the  immense  service  which 
the  scientific,  as  well  as  the  popular, 
press  can  render  to  the  nation  by  advocat- 
ing rational  economies  in  this  present 
crisis.  With  some  reason  the  public 
complain  that  they  are  urged  to  economise 
but  are  not  told  wherein  economy  can  be 
wisely  exercised,  and  they  are  still 
obsessed  by  the  principle,  which  was 
quite  sound  during  the  first  few  months 
of  the  war,  of  "  Business  as  Usual." 
Sometimes  we  are  advised  not  to  con- 


sume imported  food,  but  we  cannot,  as 
a  nation,  live  without  a  very  large  pro- 
portion of  imported  foods,  and  it  is  clear 
that  if  we  continue  to  consume  meat  at 
the  present  rate  and  demand  English 
meat  exclusively,  we  shall  soon  lose  all 
our  breeding  stock  and  milk  supply. 
To  reduce  the  importation  of  meat  we 
must  reduce  our  consumption.  We  want 
to  be  told  what  foods  involve  the  least 
injury  to  the  nation's  credit  and  make, 
for  their  transport,  the  smallest  demands 
on  our  Mercantile  Marine.  We  want 
also  more  general  instruction  on  food 
values,  especially  substitutes  for  meat. 
The  public  must  be  taught  to  recognise 
the  treason  to  themselves  and  their 
country  involved  in  the  purchase  of  new 
clothes  for  the  sake  of  fashion,  and  fashion 
itself  should  be  interned  as  an  alien 
enemy  for  the  period  of  the  war.  In  par- 
ticular those  materials,  such  as  leathei. 
of  which  the  supply  is  largely  required 
for  our  Army  and  the  Armies  of  our  Allies, 
should  not  be  purchased  except  for  urgent 
need.  I  do  not  think  that  economy 
should  be  exercised  by  reducing  salaries  ; 
this  will  not  necessarily  benefit  the  State 
except  in  the  case  of  salaries  paid  directly 
from  the  Exchequer.  The  only  useful 
economy  lies  in  ceasing  to  consume 
unnecessarily  the  products  of  labour, 
while  the  pecuniary  savings  thus  effected 
are  invested  in  war  loans.  This,  in 
effect,  is  simply  a  transfer  of  labour 
from  the  service  of  the  individual,  to 
whom  it  is  a  superfluous  luxury,  to  the 
State  to  which  it  is  in  the  present  crisis 
a  dire  necessity. 


[A  reference  to  the  proceedings  at  this  meeting  wa.s  made  in  an  Editorial  in  the  Illuminating 
Engineer  for  March,  1916,  p.  76.  At  the  conclusion  of  Dr.  Garnett's  paper  an  introductory  address 
was  given  by  Mr.  A.  P.  M.  Fleming,  and  a  discussion  then  ensued  in  which  Prof.  Gregory  (Nature), 
Mr.  E.  Pendred  (The  En/jinrer),  Dr.  R.  M.  Walmsley  (Principal  of  the  Northampton  Institute),  and 
Mr.  AV.  R.  Cooper  (Electrician)  took  part.  Dr.  Garnett  and  Mr.  Fleming  briefly  replied  to  the 
discussion.  Finally  a  resolution  expressing  the  d?sire  of  the  Circle  to  be  of  service  in  bringing 
about  a  fuller  appreciation  of  the  value  of  technical  educatioi  and  industrial  research,  and  in  pro- 
moting unity  of  effort  in  ths  study  of  these  subjects  was  proposed  by  Mr.  Gilbert  Wood,  seconded 
by  Mr.  J.  S.  Dow,  and  carried  unanimously. 

The  discussion  was  resumed  on  May  16th,  when  an  introductory  address,  summarising  recent 
proposals  for  the  organisation  of  science,  was  given  by  the  Chairman  (Mr.  L.  Gaster).  In  the  un- 
avoidable absence  of  Mr.  Hughes,  Prime  Minister  of  Australia,  an  address  was  given  by  Mr.  Gerald 
Lightfoot,  who  is  intimately  associated  with  the  establishment  of  a  National  Institute  of  Science 
and  Industry  in  Australia.  Among  others  who  took  part  in  the  discussion  were  the  Rt.  Hon.  A. 
Dyke  Aclan'd,  Sir  .John  Cockburn,  Prof.  R.  A.  Gregory,  and  Mr.  A.  J.  Mundella,  and  a  further 
resolution,  supplementary  to  that  passed  on  March  14th,  was  proposed  by  Dr.  W.  Garnett,  seconded 
bj'  Mr.  E.  J.  Benn,  and  carried  unanimously. 

We  propose  to  give  a  full  account  of  these  proceedings  in  our  next  issue. — Ed.] 
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TRANSACTIONS 

OF 

ITbe  3lluminatlng  lEngtnccdna  Soctet^^ 

(Pounded  in  London,  1909.) 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible 
for  the  opinions  expressed  by  individual  authors  or  speakers. 


ANNUAL  GENERAL  MEETING. 


(Held  at  the  House  of  the  Royal  Society  of  Arts,  London,  W.,  at  5  p.m.  on  Tuesday,  May  9th,  1916.) 


The  Annual  Meeting  of  the  Society  took 
place  as  stated  above,  the  chair  being 
taken  by  Professor  Silvanus  P.  Thompson, 
D.Sc,  F.R.S. 

The  Minutes  of  the  last  meeting  having 
been  taken  as  read,  the  Hon.  Secretary 
read  out  the  names  of  applicants  for 
membership  announced  at  the  last  meet- 
ing, and  these  gentlemen  were  formally 
declared  members  of  the  Society.* 

The  Hon.  Secretary  then  presented 
the  Report  of  the  Council  for  1915— 1916 
(see  pp.  169). 

The  Chairman  said  that  it  was  matter 
for  congratulation  that,  in  spite  of  all 
difficulties,  the  work  of  the  Society  had 
been  uninterrupted,  and  five  meetings 
of  considerable  interest  had  been  held. 
The  activities  of  the  Society  had  received 
official  recognition,  and  it  was  also 
gratifying  for  the  work  of  a  young  Society 
to  secure,  as  it  had  done,  the  co-operation 
of  the  older  and  more  specialised  bodies. 
The  Chairman  also  alluded  to  the  death 
of  several  members  of  the  Society  during 
the    war,    including    two    valued    Vice- 

*  Ilium.  Eng.,  April,  1916,  p.  117. 


Presidents,  Prof.  Vivian  Lewes  and  Mr. 
Edward  Allen,  both  of  whom  were  widely 
known  for  their  active  work  in  the  gas 
industry. 

Mr.  F.  W.  Goodenough  (Chairman  of 
Council),  in  moving  the  adoption  of  the 
Report,  said  that  the  remarks  of  the 
Chairman  on  the  loss  of  Mr.  Allen  and 
Prof.  Vivian  Lewes  would  be  widely 
appreciated.  Both  might  be  said  to  be 
victims  of  the  war,  for  Mr.  Allen  had 
taxed  his  strength  by  extra  work  on  the 
Explosives  Committee  of  the  Ministry  of 
Munitions,  and  it  was  while  engaged  on 
similar  duties  that  Prof.  Lewes  caught 
his  fatal  cold. 

Turning  to  the  Report,  Mr.  Goodenough 
said  he  shared  the  general  satisfaction  in 
the  good  work  done  in  sucli  difficult 
circumstances,  and  it  was  all  the  more 
regrettable  that  on  the  financial  side  the 
Society,  like  other  institutions,  was 
feeling  the  strain  of  the  war.  It  was 
to  be  hoped  that  some  of  the  undertakings 
which  derived  benefit  from  the  good  work 
the  Soi'iety  was  doing  would  see  their 
way  to  assist  the  Society  in  this  direction. 
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The  continued  usefulness  of  the  Society 
was  due  very  largely  to  the  zeal  which  the 
Hon.  Secretary  had  brought  to  bear  on 
its  proceedings,  and  the  Society  owed 
him  a  debt  of  gratitude  for  his  services. 

He  had  pleasure  in  proposing  :  "  That 
the  Report  of  the  Council  for  the  Session 
Nov.  1915— May  1916  be  formally  adopted 
by  the  Society." 

The  resolution  was  seconded  by  Mr. 
0.  P.  Macfarlane,  and  having  been  put 
to  the  meeting  was  declared  carried 
unanimously. 

Mr.  L.  Gastep.  (Hon.  Secretary)  briefly 
expressed  his  appreciation  of  the  kind 
remarks  of  Mr.  Goodenough,  adding  that 
the  work  had  been  much  facilitated  by 
the  harmonious  goodwill  which  existed 
between  members  of  the  Council.  He 
had  also  to  acknowledge  the  able  assist- 
ance of  Mr.  Dow,  as  Hon.  Assistant 
Secretary. 

Mr.  S.  R.  MuLLARD  then  proposed  : — 

"  That  this  meeting  extends  a  cordial 
vote  of  thanks  to  the  President,  Council 
and  Officers  for  their  efforts  on  behalf  of 
the  Society  during  the  past  twelve 
months." 

The  resolution  was  seconded  by  Mr. 
J.  F.  Crowley  and  carried  unanimously. 

The  Chairman,  who  incidentally  re- 
gretted the  enforced  absence  of  the 
President,  Sir  William  Bennett,  on 
Army  business,  proposed  the  following 
resolution  : — 

"  That  this  meeting  desires  to  express 
a  cordial  vote  of  thanks  to  the  Royal 
Society  of  Arts  for  the  courteous  per- 
mission to  make  use  of  their  rooms  during 
the  past  session,  and  records  its  appre- 
ciation of  the  encouragement  and  support 
which  the  Society  has  received." 

The  Illuminating  Engineering  Society, 
he  said,  was  one  of  the  youngest  of  a  long 
list  of  societies  whose  growth  and  expan- 
sion had  taken  place  in  that  very  room. 
It  was  necessary  to  read  the  record  of 
the  scientific  work  of  the  Royal  Society 
of   Arts   during   more   than   a    century. 


prepared  by  its  indefatigable  Secretary, 
Sir  Henry  Trueman  Wood,  and  published 
in  book  form  two  years  ago,  in  order  to 
appreciate  the  very  useful  work  the 
Royal  Society  of  Arts  had  done. 

Mr.  F.  W.  Goodenough  seconded 
the  resolution,  which  was  carried 
unanimously. 

The  Hon.  Assistant  Secretary  (Mr. 
Dow)  then  read  in  the  abstract  the 
Interim  Report  of  the  Committee  on 
Research  (see  pp.  172). 

The  Chairman  remarked  on  the  wide 
range  of  topics  in  the  Report.  There 
were  many  matters  which  obviously 
required  co-operation  with  other  bodies 
and  might  only  be  effectively  dealt  with 
after  the  war.  It  was,  however,  desirable 
to  put  these  suggested  researches  on 
record  so  that  they  might  receive  atten- 
tion at  the  opportune  moment. 

Mr.  J.  F.  Crowley  pointed  out  that 
several  of  the  subjects  were  of  vital 
importance  to  the  textile  industry,  not- 
ably those  bearing  on  the  permanence  of 
colours  and  the  production  of  "  artificial 
dayhght."  Such  matters  might  well 
receive  the  joint  attention  of  the  Textile 
Institute  and  the  Illuminating  Engineer- 
ing Society.  When  present  at  the  recent 
Congress  of  the  Institute  at  Manchester 
he  had  suggested  the  appointment  of  a 
Research  Committee  with  similar  aims 
to  that  formed  by  the  Illuminating 
Engineering  Society,  and  he  hoped  that 
this  suggestion  would  bear  good  fruit. 

Mr.  R.  C.  BussEL  likewise  emphasised 
the  need  for  co-operation  with  other 
bodies  in  researches  on  colour.  A  defini- 
tion of  a  standard  white  surface  would 
be  of  great  scientific  benefit. 

Mr.  Dow  referred  to  the  need  for 
agreement  on  the  colour  of  Hght  utilised 
in  a  permanence-test. 

On  the  motion  of  Mr.  Goodenough, 
seconded  by  Dr.  R.  Lessing,  the  Report 
on  Research  was  formally  adopted  and 
a  vote  of  thanks  to  the  Chairman  ter- 
minated the  proceedings. 
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REPORT    OF    THE    COUNCIL    FOR    THE    SESSION 
(November  I9I5— May  I9I6). 

Presented  at  the  Annual  Meeting  of  the  Society  held  at  the  House  of  the  Royal  Society 
of  Arts,  18,  John  Street,  Adelphi,  London,  W.,  at  5  p.m.,  on  Tuesday,  May  9th.) 


The  Eeport  of  the  Council  for  the  Session 
1915 — 1916  appears  in  the  second  year  of 
war,  and  the  circumstances  alluded  to 
in  the  Report  for  the  Session  191-i — 1915 
still  continue. 

Although  during  the  past  year  a  con- 
siderable number  of  members  of  the 
Society  have  joined  the  forces,  and 
additions  have  been  made  to  the  number 
of  those  engaged  largely  or  exclusively 
on  war  work,  the  activities  of  the  Society 
have  been  fully  maintained. 

Membekship. 

The  membership  of  the  Society  is 
substantially  the  same  as  last  year — a 
result  which  may  be  considered  very 
satisfactory  in  the  present  circumstances. 

We  have  pleasure  in  recording  that  the 
Presidents  of  the  Institutions  of  Gas  and 
Electrical  Engineers,  Mr.  John  Young 
and  Mr.  Charles  P.  Sparks,  have  kindly 
consented  to  act  on  the  Council  during 
the  present  year. 

The  Council  record  with  regret  the 
death  of  two  valued  Vice-Presidents  of  the 
Society,  Mr.  Edward  Allen  and  Prof. 
Vivian  Lewes. 

Among  the  losses  caused  by  the  War 
we  notice  two  of  the  younger  members  of 
the  Society,  Mr.  G.  Maurice,  who  perished 
on  the  Lusitania,  and  Mr.  F.  Harvey 
Gooch,  who  fell  in  action  with  the 
Cameron  Highlanders  in  France. 

Meetings  of  the  Society. 

Five  meetings,  not  including  the 
Annual  General  Meeting,  have  been  held 
during  the  past  session. 

The  opening  meeting  on  November  23rd 
was  devoted  to  a  discussion,  initiated  by 
Mr.  L.  Gaster,  on  the  Report  of  the  De- 
partmental (Home  Office)  Committee  on 
Lighting  in  Factories  and  Workshops. 
The  object  of  this  discussion  was  to  make 
the  contents  of  this  important  Report 
well  known  to  members  of  the  Society, 
many  of   whom  are  directly  concerned 


with  factory  lighting,  and  to  discuss  how 
its  recommendations  can  best  be  carried 
into  effect  by  managers  of  factories  and 
lighting  engineers.  The  Report,  which 
appeared  in  September,  was  generally 
considered  to  be  of  great  value.  It  has 
a  special  apphcation  at  the  present 
moment,  when  so  many  factories  are 
working  overtime  on  Government  con- 
tracts, and  adequate  industrial  illumina- 
tion is  particularly  important  in  view 
of  its  relation  to  the  output  and  quality 
of  work  as  well  as  the  health  of  workers. 
The  Report  has  received  widespread 
notice  in  the  technical  press,  and  its 
recommendations  will  doubtless  have  a 
favourable  influence  on  industrial  illu- 
mination in  this  country.  The  Council 
desire  to  express  their  thanks  to  Dr. 
R.  T.  Glazebrook,  the  Chairman  of  the 
Home  Office  (Depaitmental)  Committee, 
for  his  kindness  in  presiding  over  the 
meeting  on  this  occasion. 

The  discussion  on  November  23rd  d<'alt 
with  the  general  conclusions  reached  in 
the  Report.  Ab  a  subsequent  meeting 
on  January  11th  a  further  discussion  was 
introduced  by  Mr.  .1.  S.  Dow,  who  pre- 
sented photographs  and  data  referring  to 
a  considerable  number  of  gas  and  electric 
lighting  installations.  The  discussion 
was  useful  in  sho^ving  how,  by  modern 
methods,  the  requirements  of  the  Report 
could  be  readily  met,  ana  in  suggesting  a 
few  devices  by  which  the  illumination  re- 
sulting from  a  scheme  of  lighting  could 
be  determined  beforehand. 

In  view  of  the  rapid  progress  recently 
made  in  connection  with  electric  incan- 
descent lamps  and  the  influence,  particu- 
larly, of  the  gas-filled  lamps  on  modern 
methods  of  lighting,  it  was  decided  to 
devote  a  meeting  to  a  discussion  on 
"  Recent  Developments  in  the  Electric 
Incandescent  Lam])  from  the  Illuminating 
Engineering  Stand])oint."  This  discus- 
sion was  opened  on  December  14th,  1915, 
by  Prof.  J.  T.  Morris,  who  illustrated  his 
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address  by  reference  to  a  number  of 
problems  on  lighting,  in  the  solution  of 
which  special  forms  of  lamps  were 
employed.  A  feature  of  this  discussion 
was  the  exhibition  by  Mr.  S.  R.  Mullard, 
for  the  first  time  in  public,  of  a  new  type 
of  "  arc  incandescent "  lamp,  the  source 
of  light  consisting  of  a  ball  of  tungsten 
within  a  hermetically  sealed  bulb.  The 
thanks  of  the  Society  are  due  to  Professor 
Silvanus  P.  Thompson  for  kindly  taking 
the  Chair  at  this  meeting. 

Recent  discussions,  particularly  that 
on  factory  lighting,  have  served  to  show 
the  need  for  greater  precision  in  specifying 
the  amount  of  illumination  required  for 
various  purposes.  In  order  to  describe 
the  lighticg  conditions  in  such  cases,  it  is 
clearly  necessary  to  have  available  con- 
venient and  sufficiently  accurate  instru- 
ments for  measuring  illumination.  It 
was  therefore  considered  that  the  con- 
sideration of  this  subject  would  be  timely, 
and  on  February  22nd  a  discussion  on 
"  Some  Future  Possibilities  in  the  Design 
of  Instruments  for  Measuring  Illumina- 
tion, with  Special  Reference  to  Chemical 
and  Physical  Methods,"  was  arranged 
At  this  meeting  a  number  of  valuable 
suggestions  for  the  improvement  and 
simplification  of  illumination  photo- 
meters were  made,  and  several  new  types 
were  described  and  exhibited.  Pre\'ious 
to  the  meeting,  a  list  of  f[ueries  relating 
to  points  on  which  further  information 
would  be  desirable  was  drawn  up  and 
circulated  among  members.  By  this 
means  some  useful  information  regarding 
recent  advances  in  the  use  of  selenium 
and  photo-electric  cells  and  other  physical 
methods  was  received,  the  contributions 
from  corresponding  members  in  France 
and  the  United  States  proving  particu- 
larly helpful  in  this  respect. 

Since  the  outbreak  of  war  considerable 
difficulties  have  been  experienced  in 
obtaining  certain  varieties  of  glassware 
required  in  the  lighting  industry,  and  the 
fifth  meeting  of  the  Society,  on  March 
2l3t,  was  devoted  to  a  discussion  on  this 
subject.  Instances  of  such  difficulties, 
such  as  the  lack  of  good  heat-resisting 
glass  and  the  finer  varieties  of  white 
diffusing  glass,  were  mentioned  by  Mr. 
S.  B.  Langlands  in  his  introductory 
address  on  "  Some  Aspects  of  the  Design 
and    use    of   Glassware   in    Relation   to 


Natural  and  Artificial  Illumination,"  and 
confirmatory  evidence  was  brought  for- 
ward by  other  members  of  the  Society. 
Various  proposals  were  made  with  a  view 
to  improving  present  conditions,  among 
them  being  the  encouragement  of  re- 
search and  the  promotion  of  greater 
uniformity  of  design  for  articles  in 
common  use. 

The  Society  had  also  the  privilege  of 
hearing  the  ^^ews  of  several  members  of 
the  Glass  Research  Committee  of  the 
Institute  of  Chemistry,  which  has  been 
conducting  researches  on  chemical  and 
optical  glassware.  From  a  national 
standpoint  the  future  development  of  the 
glass  industry  is  of  considerable  import- 
ance, and  it  is  proposed  to  appoint  a 
Committee  of  the  Society  to  consider  the 
problems  involved  in  the  manufacture 
and  supply  of  glassware  for  lighting 
purposes. 

Other  Important  Events  of  the 
Session. 

Reference  has  already  been  made  to 
the  important  Report  issued  by  the 
Departmental  (Home  Office)  Committee 
on  Lighting  in  Factories  and  Workshops, 
which  was  issued  last  September.  The 
Report  appeared  in  the  form  of  three 
volumes,  comprising  respectively  (1)  Re- 
port and  Appendices ;  (2)  Minutes  of 
Evidence  ;  and  (3)  Record  of  Observa- 
tions in  Factories.  Amongst  other  re- 
commendations, the  Report  proposes 
that  inspectors  should  be  given  statutory 
power  to  demand  in  general  terms  ade- 
quate lighting  in  factories  and  workshops, 
and  it  is  to  be  hoped  that  this  recom- 
mendation wdll  be  carried  into  effect  as 
soon  as  opportunity  offers. 

The  Recommendations  of  this  Report 
have  also  been  brought  to  the  notice  of 
the  Committee  now  sitting  on  the  Con- 
ditions of  Health  of  Munition  Workers, 
and  in  the  bulletins  so  far  issued  reference 
has  already  been  made  to  the  import- 
ance of  good  industrial  illumination. 
Special  mention  may  be  made  of  Bulletin 
No.  9,  on  "  Ventilation  and  Lighting  of 
Munition  Factories  and  Workshops,"  in 
which  attention  is  directed  to  the  Home 
Office  Report,  and  the  chief  essentials  of 
good  lighting,  as  summarised  in  this 
Report,  are  repeated. 
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It  will  be  the  duty  of  the  Society  to 
continue  their  work  on  this  subject  with 
a  view  to  bringing  about  wider  recog- 
nition of  the  economic  and  hygienic  value 
of  good  industrial  illumination,  and  main- 
taining the  interest  kindled  in  these 
m,atters.  It  has  been  suggested  thab  as 
a  useful  basis  for  further  work,  the 
Society  might  now  pass  from  the  general 
consideration  of  the  subject  to  the  pre- 
paration of  information  on  the  conditions 
of  lighting  applicable  to  various  trades 
and  industrial  processes. 

The  question  of  factory  lighting  has 
also  been  receiving  the  attention  of  the 
American  Illuminating  Engineering 
Society,  and  at  the  last  Convention,  held 
in  Washington  in  September,  1915,  a 
rnost  useful  "  Code  for  the  Lighting  of 
Factories,  Mills,  and  other  work  places," 
prepared  by  a  Committee  of  the  Society, 
was  presented.  This  has  since  been  re- 
produced in  The  Illuminating  En- 
gineer.* 

At  the  Convention  a  variety  of  in- 
teresting papers  were  presented,  and 
the  Transactions  of  the  American  Illu- 
minating Engineering  Society  throughout 
the  year  have  contained  matter  of  con- 
siderable value. 

A  series  of  lectures  on  various  aspects 
of  illuminating  engineering  is  also  being 
arranged,  which  will  doubtless  serve  to 
bring  up  to  date  the  information  con- 
tained in  those  given  at  the  Johns 
Hopkins  University  (Baltimore,  U.S.A.), 
in  1910.  On  the  occasion  of  the  celebra- 
tion of  the  tenth  anniversary  of  the 
founding  of  the  American  Society,  an 
interchange  of  good  wishes  between  the 
two  Societies  took  place.  The  need  for 
close  co-operation  in  dealing  with  lighting 
matters  is  fully  appreciated  by  the 
Societies  on  both  sides  of  the  Atlantic. 

An  important  question  that  has  been 
receiving  much  attention,  both  in  this 
country  and  abroad,  is  the  desirability 
of  arriving  at  a  uniform  method  of  ex- 
pressing the  efficiency  and  illuminating 
value  of  gas,  electric,  and  other  illumin- 
anbs.  The  view  is  now  receiving  support 
that  lamps  should  be  rat^d  in  terms  of 
the  total  output  of  light  in  all  directions. 
The  following  resolution  has  been   pro- 

*Vol.  Vin.  1915,  pp.  414,  441,  451  ;  vol.  IX. 
1916,  p.  135. 


posed  by  the  Committee  of  the  American 
Illuminating  Engineering  Society  on  No- 
menclature and  Standards,  and  subse- 
quently approved  by  the  Council  of  that 
Society,  and  is  recorded  in  the  Report  of 
the  Council  for  the  year  ending  September 
20th,  1915*  :— 

"  (a)  That  the  output  of  all  illumin- 
ants  be  ex])ressed  in  lumens  ;    (b)  that 
illuminants    should    be    rated    upon    a 
lumen  basis  instead  of  a  candlepower 
basis  ;    (c)  that  the  specific  output  of 
electric    lamps    should    be    stated    in 
lumens  per  watt,  and  the  specific  out- 
put   of    illuminants    dependent    upon 
combustion  should  be  stated  in  lumens 
per  B.  Th.  U.  per  hour." 
During   the    past   year   an   influential 
movement   for   the   encouragement   and 
organisation  of  scientific  and   industrial 
research    has    been    developed    in    this 
country.     At  a  meeting  of  technical  and 
scientific  societies  convened  by  the  Royal 
Society  on  March  24th,  a  resolution  was 
passed,  unanimously  advocating  the  for- 
mation of  a  Conjoint  Board  of  Scientific 
Societies  for  promoting  the  co-operation 
of  those  interested  in   pure   or  applied 
science. 

Attention  has  also  been  given  to  the 
scheme  for  the  organisation  of  scientific 
and  industrial  research  being  prepared 
by  the  Committee  of  the  Privy  Council. 
The  Illuminating  Engineering  Society 
will  take  steps  to  bring  to  the  notice  of 
this  Committee  any  problems  on  which 
research  would  be  beneficial  in  the 
interests  of  the  lighting  industry. 

The  Illuminating  Engineering  Society 
has  intimated  its  willingness  to  take  part 
in  any  movement  calculated  to  bring 
about  unity  of  eiTort  in  these  matters, 
and  to  co-operate  in  any  investigations 
bearing  on  the  practical  applications  of 
light,  in  relation  to  illuminating  engineer- 
ing. 

The  Council  also  consider  that  the 
monaent  is  opportune  to  proceed  with  the 
work  of  the  Committee  on  Research,  the 
appointment  of  which  was  decided  upon 
in  1914,  but  was  delayed  owing  to  the 
outbreak  of  war.  This  Comm.itt(>e  has 
held  several  meetings,  and  has  pre]iared 
a  Report  for  presentation  at  the  Annual 
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Meeting,  summarising  various  subjects 
for  investigation  which  might  receive  the 
attention  of  the  Socif-ty.  The  liet  of 
subjects  has  been  made  as  complete  as 
possible  in  order  to  show  the  variety  of 
problems  which  require  investigation.  The 
Committee  Avill  consider  which  subjects 
should  receive  immediate  attention,  and 
will  take  the  necessary  steps  to  secure 
the  co-operation  and  enlist  the  support 
of  other  bodies  when  dealing  with  prob- 
lems of  national  importance. 

Additional  Support  Needed. 

The  Council  are  glad  to  be  able  to  again 
record  the  gratifpng  fact  of  the  Society 
being  able  to  continue  its  labours,  in  spite 
of  the  imprecedented  circumstances  arising 
through  the  war. 

The  Society  is  fortunate  in  bene- 
fitting by  the  arrangement  providing 
for  The  Illuminating  Engineer  to  act 
as  the  official  organ,  and  to  undertake 
the  publication  of  translations,  the  cost 
of  which  would  otherwise  be  prohibitive, 
and  has  not  been  called  upon  to  pay  many 
customary  expenses,  such  as  rent  of 
offices,  secretary's  salary,  &c.  Never- 
theless the  experience  of  the  past  year 
has  served  to  emphasise  the  desirability 
of  securing  additional  funds  in  order  to 
enable  the  work  of  the  Society  to  be 
carried  on  in  a  satisfactory  manner. 
During  the  present  circumstances  the 
Council  are  unwilling  to  recommend  any 
radical  departure  in  this  respect,  but  it  is 
evident  in  the  near  future  the   Society 


must  either  secure  a  considerably  en- 
larged membership,  or  increase  its 
present  moderate  subscription  to  £2  2s., 
as  was  originally  provided  at  the  time 
of  the  foundation  of  the  Society,  or  secure 
substantial  support  from  such  institutions 
as  directly  benefit  from  the  movement. 

The  attention  of  members  is  also  drawn 
to  Article  23  in  the  Constitution  of  the 
Society  where  it  is  laid  down  that  "  any 
member  may  commute  or  compound  for 
all  future  payments  and  become  a  member 
for  life,  by  payment  of  a  sum  of  not, less 
than  £10  10s.  Od.  (ten  guineas)."  It  is 
hoped  that  a  number  of  members  will 
take  advantage  of  this  method  in  order 
to   provide  additional  funds. 

Programme  for  the  Next  Session. 

The  Council  is  now  engaged  in  pre- 
paring the  programme  for  the  next 
session.  Me]nbers  who  are  wilUng  to 
read  papers  are  invited  to  notify  the 
Hon.  Secretary  as  soon  as  possible  and 
to  send  in  contributions  during  the 
vacation.  The  list  of  subjects  for  in- 
vestigation at  the  end  of  the  Report  on 
Research  may  suggest  some  suitable 
subjects  for  papers. 

Sir  William  H.  Bennett, 

President. 

F.  W.  GOODENOUGH, 

Chairman   of    Council. 

Leon  G aster, 

Hon.  Secretary 
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(Presented  at  the  Annual  Meeting  of  the  Society  held  at  5  P-m.  on  May  9th  at  the  House  of  the 
.  Royal  Society  of  Arts,  18,  John  Street,  Adelphi,  London,  W.) 


The  appointment  of  this  Committee  was 
announced  at  the  end  of  the  Session  in 
1914,  but  owing  to  the  disturbance 
caused  by  the  war  it  was  not  found 
practicable  at  that  time  for  the  Com- 
mittee to  take  up  the  tasks  before  it.  The 
present  moment,  when  so  much  attention 
is  being  devoted  to  the  promotion  of 
scientific  and  industrial  research,  appears 
favourable  for  the  resumption  of  the  work. 


An  important  step  has  been  the  appoint- 
ment of  a  Committee  of  the  Privy  Council 
in  order  to  study  the  organisation  of 
Scientific  and  Industrial  Research,  and 
the  Royal  Society  and  other  bodies  are 
considering  the  best  means  of  promoting 
unity  of  effort  between  the  various 
scientific  and  technical  societies  of  the 
country. 
■     The"  following     (rentlemen     have     at 
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present  been  nominated  to  serve  on  the 
Eesearch  Committee  of  the  Illuminating 
Engineering  Society  : — Mr.  A.  Blok,  Mr. 
J.  G.  Clark,  Mr.  W.  C.  Clinton,  Mr.  J.  F. 
Crowley,  Mr.  F.  W.  Goodenough,  laeut. 
Haydn  T.  Harrison,  R.N.,  Dr.  James 
Kerr,  Professor  T.  Mather,  Professor 
J.  T.  Morris,  Mr.  S.  R.  Mullard,  Mr.  C.  C. 
Paterson,  Professor  8ilvanus  P.  Thompson 
(Chairman),  Mr.  A.  P.  Trotter,  Mr.  F.  W. 
Willcox  ;  ex  officio  Mr.  L.  Caster  (Hon. 
Secretary)  and  Mr.  J.  S.  Dow  (Asst.  Hon. 
Secretary). 

The  immediate  object  of  the  Com- 
mittee was  to  prepare  a  list  of  subjects 
specially  deserving  of  research  at  the 
hands  of  the  Society,  and  the  suggestions 
so  far  received,  together  with  others 
arising  out  of  past  discussions  of  the 
Society,  have  been  assembled  in  the  list 
at  the  end  of  this  Report.  The  Com- 
mittee will  welcome  any  additional 
suggestions,  or  intimations  from  members 
of  any  experiments  which  are  already 
in  progress.  It  is  hoped  that  this  list 
will  also  be  useful  in  suggesting  subjects 
for  future  discussions  at  meetings  of  the 
Society. 

While  not  intended  to  be  exhaustive 
the  list  already  contains  many  more 
subjects  for  investigation  than  could  be 
at  present  undertaken  by  the  Society. 
It  will,  however,  serve  to  show  how  past 
discussions  have  developed  prospects  of 
further  useful  work,  and  the  many 
opportunities  for  research  now  before  us. 

In  dealing  with  these  suggestions  the 
Committee  may  nominate  from  among  its 
members  sub-committees  to  organise  or 
undertake  specific  researches  or  may  take 
advantage  of  the  services  of  other  mem- 
bers of  the  Society  or  gentlemen  outside 
the  Society  who  have  special  knowledge 
of  the  proposed  researches.  Some  of  the 
investigations  in  contemplation  will  in- 
volve co-operation  with  other  Societies 
and  Institutions.  The  Society  has  been 
in  touch  with  the  various  Associations 
and  Committees  for  the  organisation  of 
scientific  research,  and  it  will  be  the 
function  of  the  Committee  to  invite  their 
co-operation  on  subjects  of  common  in- 
terest and  enlist  their  support  in  dealing 
with  problems  of  national  importance. 
The  Committee  will  consider  which  sub- 
jects deserve  prior  attention,  both  with 
a  view  to  their  urgency  and  the  prospects 


of  obtaining  the  necessary  support  and 
securing  favourable  results  in  the  near 
future. 

There  are  on  the  list  many  subjects  of 
great  scientific  importance  which  would 
involve  long  continued  experiment  and 
co-operation  with  other  bodies,  on  such 
a  scale  as  cannot  reasonably  be  expected 
while  the  war  continues  ;  these  matters 
will  therefore  have  to  be  postponed  for 
consideration  at  a  later  date. 

In  regard  to  matters  connected  with 
the  war  it  is  naturally  impracticable  to 
discuss  in  public  all  opportunities  for 
service  that  may  occur.  Many  members 
of  the  Society  are  already  engaged  upon 
work  of  this  nature  and  any  suggestions 
that  they  may  bring  to  the  notice  of 
the  Committee  will  naturally  receive  prior 
attention. 

In  connection  with  subjects  of  import- 
ance from  the  industrial  standpoint  the 
Committee  suggest  that  priority  should 
be  given  to  investigations  relating  to  the 
development  of  lamps  and  lighting  ap- 
pliances, and  researches  having  for  their 
object  the  elucidation  of  general  problems 
on  which  the  development  of  the  lighting 
industry  depends.  As  an  instance,  the 
investigation  of  the  properties  of  illu- 
minating glassware  is  a  matter  which,  in 
the  opinion  of  the  Committee,  should  re- 
ceive immediate  attention  at  the  hands  of 
a  special  sub-committee  appointed  for  the 
purpose. 

Another  subject  which  merits  early 
attention  in  view  of  its  relation  to  the 
dyeing  and  colouring  industries  is  the 
preparation  of  a  standard  series  of 
colours  and  in  particular  of  a  standard 
white  surface,  suitable  for  acceptance 
in  all  researches  in  which  the  accurate 
definition  of  colour  is  involved.  Con- 
jointly with  this  subject  the  design  of 
suitable  apparatus  for  analysing  and 
specifying  colour  and  for  measuring  the 
reflecting  power  of  various  materials 
should  receive  attention.  There  is  also 
the  further  problem  of  providing  a  fixed 
standard  for  the  permanence  of  coloured 
materials. 

In  dealina  with  this  and  the  preceding 
matter  the  co-operation  of  other  associa- 
tions interested  would  be  desirable. 

In  view  of  the  growing  recognition 
of  the  need  for  precise  quantitative 
specifications    of    illumination    required 
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in  practice  for  different  purposes,  the 
preparation  of  a  standard  specifica- 
tion for  illumination  photometers,  to  be 
used  in  determining  the  performance 
of  leeal  contracts  involving  the  measure- 
ment of  illumination,  might  be  studied 
with  advantage.  The  general  question 
of  the  simplification  of  illumination 
photometers,  and  particularly  the  problem 
of  producing  a  direct-reading  instrument 
based  on  physical  or  chemical  effects, 
which  was  discussed  at  a  recent  meeting 
of  the  Society  on  February  21st  should 
also  be  borne  in  mind. 

Among  other  matters  which,  in  view 
of  their  important  bearing  on  the  future 
development  of  lighting,  deserve  special 
attention,  may  be  mentioned  : — the  study 
of  glare  and  the  limits  of  permissible 
intrinsic  brilliancy ;  the  investigation 
of  the  comparative  effect  on  vision  and 
the  physiological  influence  in  inducing 
fatigue  of  natural  and  artificial  illumina- 
tion and  of  various  systems  of  artificial 
lighting  ;  and  the  conditions,  as  regards 
the  intensity  of  illumination  and  arrange- 
ment of  lights,  desirable  for  various 
industrial  operations.  The  latter  question 
is  of  interest  as  being  supplementary  to  the 
Report  of  the  Home  Office  Departmental 
Committee  on  Ligh+ing  in  Factories 
and  Workshops,  and  it  is  suggested  that 
the  preparation  of  an  illustrated  Bulletin 
forming  a  guide  to  the  best  present 
practice  in  various  sections  of  industrial 
lighting,  might  be  undertaken. 

In  the  list  of  researches  the  various 
suggestions  have  been  roughly  classified 
under   the   following   headings  : — 

(a)  Photometry,  Standards  of  Light, 
and  Researches  on  Colour. 

(b)  Electric,  Gas  and  other  lUuminants. 

(c)  Lighting  Appliances, 
(f?)  General. 

(a)  Photometry,  Standards  of  Light,  and 
Researches  on  Colour. 

(1)  The  Production  of  a  Satisfactory 
Standard  of  Light.  It  would  be  of  interest 
to  collect  information  furnishing  a  sum- 
mary of  the  present  position,  preliminary 
to  further  researches^  which  would  prob- 
ably require  action  under  the  joint 
auspices  of  the  National  Physical  Labor- 
atory and  the  National  Illumination 
Commission,  This  is  essentially  an  inter- 
national   matter   and    only    preparatory 


work    could    be    done    while    the    war 
continues. 

(2)  The  development  of  a  Standard 
Laboratory  Photometric  Equipment  to  take 
the  place  of  those  designed  abroad. 
This  again  demands  the  co-operation  of 
the  National  Physical  Laboratory.  In 
this  connection  the  establishment  of  the 
suggested  Central  Optical  Institute,  where 
suitable  photometric  instruments  with 
the  necessary  optical  appliances  could  be 
developed,  would  be  of  considerable  value. 

(3)  The  specification  of  a  Series  of 
Standard  Colours  and  of  methods  of  deter- 
mining the  amount  of  lisht  reflected  from 
them  and  the  general  problem  of  a  method 
of  determining  the  total  reflection  from 
all  kinds  of  surfaces,  should  be  con- 
sidered. 

(-1)  The  standardisation  of  methods  of 
analysing  and  specifying  colour,  and  design 
of  simpler  and  more  convenient  instru- 
ments for  testing  the  same.  This  is  a 
matter  of  considerable  scientific  import- 
ance for  the  future  development  of  the 
dyeing  and  colouring  trades. 

(5)  The  standardisation  of  the  so-called 
''Artificial  Daylight"  {i.e.,  the  various 
forms  of  artificial  light  used  in  conjunction 
with  special  devices  in  order  to  imitate 
the  colour  of  Natural  Light).  In  investi- 
gating this  question  an  attempt  should 
be  made  to  arrange  the  chief  artificial 
illuminants  in  the  order  of  their  resemb- 
lance to  daylight.  This  question  has 
often  been  discussed  but  never  authorita- 
tively settled.  At  present  there  also 
appears  to  be  no  universally  accepted 
standard  of  "  ivhite  light  "nor  any  gener- 
ally accepted  "  standard  white  surface.'" 

(6)  A  closely  related  problem  is  the 
effect  of  different  qualities  of  light  on 
the  permanence  of  colours.  There  does 
not  appear  to  be  any  recognised  and 
generally  accepted  method  of  testing  the 
"  fastness  "  of  dyes,  although  various 
artificial  illuminants  have  been  proposed 
for  use  in  this  respect. 

[(3),  (4),  (5)  and  (6)  would  require  the 
co-operation  of  representatives  of  the 
chief  industries  concerned  with  coloured 
goods  and  coloured  matching.] 

(7)  The  subject  of  colour-photometry, 
on  which  much  experimental  work  has 
been  done,  requires  clearing  up,  but  it  is 
a  vast  problem,  falling  within  the  scope 
of  the  National  Illumination  Commission 
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and  the  National  Physical  Laboratory, 
and  its  full  consideration  would  ultimately 
involve  international  co-operation. 

(8)  The  question  of  direct-reading 
physical  photometers  was  discussed  at  a 
recent  meeting  of  the  Society,  and  a 
number  of  fruitful  investigations  were 
suggested. 

(9)  The  design  of  better  and  simpler 
illumination  photometers.  Instruments  of 
the  simpler  class  are  probably  best  left 
to  individual  workers  ;  but  it  would  be 
useful  to  make  an  inquiry  into  the  pro- 
bable accuracy  of  the  various  kinds 
available,  and  to  institute  a  series  of  com- 
parative tests  with  various  instruments  by 
different  observers  in  streets  and  in- 
teriors. The  preparation  of  a  specifica- 
tion for  illumination  photometers  intended 
for  tests  in  which  contracts  and  legal 
penalties  are  involved  might  follow  after 
the  above  experiments 

(b)  Electric,  Gas,  and  other  lUuminants 

(10)  Experiments  on  the  improvement  of 
lamps  are  naturally  undertaken  mainly 
by  manufacturers,  but  questions  of 
scientific  interest  arise,  the  elucidation 
of  which  would  be  of  value  in  establishing 
the  principles  governing  the  efficiency 
of  illuminants.  In  many  such  cases 
the  immediate  commercial  return  may 
not  be  sufficient  to  induce  individual 
manufacturers  to  make  experiments,  but 
there  is  scope  for  the  prosecution 
of  such  inquiries  in  the  laboratories  of 
technical  and  scientific  institutions,  and 
the  Society  would  gladly  welcome  co- 
operation on  the  part  of  the  manufac- 
turers and  suggestions  regarding  experi- 
ments of  this  nature. 

The  time  is  ripe  for  ])romoting 
greater  uniformity  in  methods  of  testing 
and  describing  the  illuminating  value  of 
lamps  of  various  kinds,  and  it  would  be 
advantageous  if  general  agreement  on 
this  point  could  be  obtained, 

(c)  Lighting  Appliances  (Globes,  Shades, 

Reflectors,  &c.). 

The  remarks  made  under  the  last 
heading  also  apply  here. 

The  supply  of  optical  glass  and  the 
investigation  of  its  properties  are  at 
present  of  great  national  importance  and 
the  Committee  would  ho  glad  to  receive 


any  suggestions  for  useful  service  in 
this  direction. 

As  regards  glassware  required  in  the 
lighting  industry,  it  is  common  knowledge 
that  considerable  inconvenience  has  been 
cau-^ed  by  the  shortage  of  many  kinds  of 
glass  hitherto  imported  and  there  appear 
to  be  opportunities  for  research  in  con- 
nection with  the  manufacture  of  these 
varieties  of  glass  in  this  country. 

It  is  accordingly  suggested  that  a 
sub-committee  should  be  appointed  to 
consider — 

(11)  The  best  means  of  promoting  the 
scientific  study  of  lighting  glassware 
and  of  encouraging  the  manufacture  of 
kinds  of  glass  which  have  not  hitherto 
been  developed  satisfactorily  in  the 
British  Isles.  Amongst  such  varieties 
may  be  mentioned  suitable  heat-resisting 
glass  for  use  in  chimneys,  globes,  &c., 
used  with  high  temperature  illuminants  ; 
white  diffusing  glassware  having  suitable 
qualities  as  regards  minimum  absorption 
of  light,  uniformity  of  structure  and 
diffusion  of  light ;  neutral  tinted  glass  of 
specified  absorbing  value  required  for 
optical  and  photometric  work  ;  and 
special  varieties  of  coloured  glassware  used 
for  the  production  of  "  artificial  day- 
light." 

(12)  Appropriate  methods  of  testing 
and  prescribing  the  requisite  qualities  of 
glassware  of  the  above  kinds. 

(13)  Uniformity  of  method  in  testing 
and  specifying  the  distribution  of  light, 
absorption  and  other  qualities  of  globes 
and  reflectors  of  importance  from  the 
illuminating  engineering  standpoint. 

(1-i)  The  best  means  of  promoting 
agreement  as  to  uniform  sizes  and  shapes 
of  glass  articles  in  comnwn  use  in  the 
lighting  industry,  in  cases  where  such 
uniformity  is  desirable  in  the  interests 
of  manufacturers  and  the  public. 

In  connection  with  these  researches 
the  co-operation  of  other  bodies  interested 
in  the  study  of  glassware  would  no 
doubt  be  desirable. 

(d)  General. 

Among  other  suggestions  may  be 
noted  : — 

(15)  Research  work  on  an  instrument 
for  the  automatic  control  of  artificial 
light  in  factories,  schools,  cfec,  the  light 
being  automatically  turned  on  when  the 
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illumination  has  fallen  to  a  certain  value. 
This  is  a  problem  more  hopeful  of 
immediate  solution  than  the  design  of 
a  direct  reading  physical  photometer, 
and  there  are  already  several  suggested 
forms  of  apparatus  which  deserve  com- 
parison and  study. 

(16)  As  a  development  of  the  Home 
Office  Eeport  on  Factory  Lighting  it 
would  be  helpful  to  make  further  im- 
official  investigations  on  the  conditions 
desirable  for  various  classes  of  work,  and 
subsequently  to  issue  these  as  a  brief 
series  of  recommendations  for  the 
guidance  of  managers  and  others  in- 
terested in  factory  lighting. 

(17)  A  good  deal  remains  to  be  done 
in  further  prosecution  of  the  work  of  the 
Daylight  Illumination  in  ScJiools.  The 
Joint  Committee  appointed  by  the 
Society  in  1913  reported  shortly  before 
the  outbreak  of  war  and  made  a  number 
of  suggestions  for  future  work.*  At  that 
time  there  appeared  no  immediate  pros- 
pect of  securing  the  assistance  requisite 
to  carry  these  investigations  to  com- 
pletion, but  it  is  hoped  to  proceed  with 
them  when  opportunity  offers. 

(18)  Street  lighting,  after  the  war,  will 
be  a  good  field  for  effort,  particularly 
as  regards  the  development  of  more 
decorative  forms  of  design  as  well  as 
more  scientific  treatment  in  respect  of  the 
shading  of  lamps  and  the  distribution  of 
light.  The  war  has  impressed  people 
with  the  importance  of  street  lighting, 
and  the  conception  of  a  minimum  illu- 
mination desirable  in  the  interests  of 
safety  should  be  encouraged. 

As  regards  the  design  of  lanterns  placed 
outside  public  buildings  work  might  be 
done  in  co-operation  with  Arts  and 
Crafts  Associations  and  the  London 
Society.  It  might  at  least  be  possible 
to  form  clearer  ideas  during  the  war  as 
to  what  could  be  accomplished  afterwards. 

(19)  Searchlights.  There  are  many  ques- 
tions of  interest,  but  their  full  considera- 
tion at  the  present  time  would  require  the 
co-operation  of  the  military  and  naval 
authorities.  At  the  meeting  in  February, 
1915,  it  was  suggested  that  experiments 
might  be  made  on  the  following 
points  : — 


Possible  improvements  in  efficiency 
(as  for  example  tbose  involved  in  the 
new  searchlight  evolved  by  0.  Lummer 
of  Breslau). 

Investigations  into  the  various  points 
suggested  by  Mrs.  Ayrton  in  connection 
with  the  choice  of  carbons,  best  electrical 
conditions,  &c.  ;  also  into  the  type  of 
electrical  generator  best  adapted  for 
searchlights. 

Preparation  of  simple  instructions  for 
working  searchlights. 

Attempt  to  define  more  precisely  the 
"  range  "  and  the  "  candlepower  "  with 
a  view  to  these  quantities  being  specified 
in  the  future. 

Inquiry  into  the  best  colour  of  light, 
as  regards  its  effect  on  penetrating  power 
and  on  the  apparent  sharpness  of  object 
illuminated  by  the  searchlight  beam. 

(20)  Visibility.  A  series  of  queries  was 
put  forward  in  connection  with  the  paper 
on  this  subject  by  Messrs.  Paterson  and 
Dudding  {Ilium.  Eng.,  May,  1915,  p.  208). 
Many  of  these,  such  as  the  relative  visi- 
bility by  natural  and  artificial  Hght,  by 
direct  andindirectlight,&c.,  require  study. 

The  question  is  of  military  interest  in 
connection  with  concealing  operations 
from  the  enemy,  rendering  uniforms, 
aeroplanes  and  ships  difficult  to  see,  and 
possibly  in  the  future  some  investigation 
would  be  considered  by  the  War  Office 
or  Admiralty. 

(21)  Lighting  of  Rifle  Ranges.  The 
series  of  queries  prepared  in  this  connec- 
tion has  not  been  completely  answered.* 
It  was  proposed  to  form  a  (iommittee  to 
deal  with  the  matter,  but  so  far  it  has 
been  difficult  to  find  members  who  were 
free  to  undertake  such  experiments. 

(22)  An  inquiry  is  [suggested  into  the 
Physiological  difference  betiveen  Natural 
and  Artificial  Light,  e.g.,  the  intensities 
considered  necessary  for  vision. 

(23)  Investigation  of  the  conditions 
determining  'permissihle  limits  of  intrinsic 
brilliancy  ("  Glare ").  A  suggestive 
Report  on  this  subject  has  been  issued 
by  a  Committee  in  the  United  States, 
which  merits  discussion. 

(24)  The  problem  of  devising  some 
means  of  judging  the  comparative  effect 
on  the  eyes  of  various  methods  of  lighting, 
as  regards  fatigue,  comfort  of  vision,  &c. 


*  Ilium.  Eng.  July,  1914,  p.  365. 


f  Ilium.  Eng.,  June,  1915,  p.  250. 
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An  attempt  in  this  direction  has  been 
made  in  the  States,  but  little  lias  been 
done  in  this  country. 

(25)  Library  Lighting.  Various  points 
remain  lor  consideration  from  the  dis- 
cussion and  subsequent  report  of  the 
Committee  in  1911.  The  lighting  of 
racks  and  shelves  is  still  regarded  as  a 
somewhat  difficult  problem. 

(26)  Lighting  of  Museums  and  Picture 
Galleries.  It  was  proposed  to  form  a 
Committee  to  study  this  subject  previous 
to  the  war,  after  the  discussion  initiated 
by  Professor  Thompson  in  1914,  Among 
the  points  for  consideration  are  the  general 
arrangements  of  natural  and  artificial 
li,g]iting  to  illuininate  pictures  and  ex- 
hibited objects  in  showcases ;  the 
possibility  of  employing  a  method  of 
illumination  resembling  daylight  in 
colour  ;  the  desirabiUty  of  special  local 
lighting  for  certain  pictures,  objects  in 
showcases,  &c. 

(27)  Lighting  of  Hospitals.  The  lighting 
of  hospital  wards  is  admittedly  often 
unsatisfactory.     There  is  also  room  for 


investigation  in  the  lighting  of  operating 
tables.  The  subject  might  also  be  studied 
in  connection  with  field  hospitals  using 
portable  illuminants,  &c. 

(28)  Testing  the  gloss  of  paper,  and  the 
determination  of  a  standard  of  matness. 
This  matter  has  been  carried  to  a  certain 
stage  by  Mr.  Trotter's  experiments  and 
the  inquiry  of  the  Committee  of  the 
British  Association  {Ilium.  Eng.,  October, 
1915,  p.  425),  but  the  subject  still  requires 
investigation. 

(29)  Nomenclature  of  illuminating 
engineering.  The  subject  was  left  in  a 
state  of  suspension  before  the  war,  and 
requires  international  treatment. 

(30)  Tests  of  the  effect  of  varying  the 
reflecting  jjoiver  of  walls,  ceilings  and 
floors  in  rooms,  with  a  view  to  preparing 
data  by  the  aid  of  which  the  increased 
illumination  due  to  reflected  light  may  be 
more  precisely  estimated.  The  effect  of 
varying  these  conditions  on  the  shadows 
and  diffusion  of  light  also  deserves 
inquiry. 


TENTH    ANNUAL    CONVENTION    OF 

THE  ILLUMINATING  ENGINEERING 

SOCIETY,  U.S.A. 

The  Tenth  Annual  Convention  of  the 
American  Illuminating  Engineering 
Society  will  be  held  in  Philadelphia, 
September  18th,  19th,   and    20th,    1916. 

Immediately  following  the  Convention 
there  will  be  given  at  the  University  of 
Pennsylvania  under  the  joint  auspices 
of  the  University  and  the  Society,  a 
course  of  twenty  lectures  on  the  theo- 
retical and  practical  aspects  of  Illumin- 
ating Engineering. 

The  lectures  will  be  delivered  by 
eminent  authorities  in  the  lighting  world, 
and  will  occupy  approximately  eight 
days. 

Further  particulars  of  this  course  of 
lectures  will  be  issued  later. 

TENTH    ANNUAL   MEETING   OF  THE 
BRITISH  SCIENCE  GUILD. 

The  Tenth  Annual  Meeting  of  the 
British  Science  Guild  took  place  in  the 
rooms  of  the  Koyal  Society  of  Medicine 
(Wimpcle  Street,  London)  at  4  p.m.  on 
Wednesday,  May  17th,  the  chair  being 


taken  by  the  President,  the  Rt.  Hon.  Sir 
William  Mather. 

The  usual  Annual  Report  was  presented. 
It  contains  a  very  serviceable  summary 
of  the  chief  events  in  the  scientific  world 
during  the  past  year,  reference  being 
made  to  the  work  of  the  Advisory 
Council  to  the  Committee  of  the  Privy 
Council  on  Scientific  and  Industrial 
Research,  the  proposal  of  the  Royal 
Society  to  form  a  Conjoint  Board  of 
Scientific  Societies,  and  other  important 
matters.  A  feature  is  the  Appendix,  by 
Prof.  R.  A.  Gregory,  on  "  The  Promotion 
of  Scientific  Research  and  Higher  Educa- 
tion." 

In  the  course  of  the  meeting  an  address 
was  given  by  the  Rt.  Hon.  Andrew 
Fisher,  who  explained  the  proposed 
establishment  of  a  National  Institute  of 
Science  and  Industry  in  Australia.  Among 
others  who  spoke.  Dr.  R.  Mullineux 
Walmsley  referrea  to  the  neeci  for  a 
National  School  of  Technical  Optics,  and 
Sir  Alfred  Keogh  gave  a  brief  account  of 
the  application  of  science  in  the  work  of 
the  R.A.M.S.,  instancing  the  marvellous 
success  attained  in  the  prevention  of 
typhoid  fever. 
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REVIEW   OF   BOOK. 

Ncwshohne's  "  School  Hygiene  ;  the  Laus 
of  Health  in  relation  to  School  Life,"  by 
James  Kerr,  M.A.,  M.D.  {Geo.  Allm 
and  Umrin,  Ltd.,  London.  1916.  pp. 
352  ,•  illustraiions,   49.) 

Newsholme's  "  School  Hygiene "  was 
first  published  in  1887,  and  attained  its 
twelfth  edition  in  1907.  The  book  has 
now  been  re -written  and  brought  up  to 
date  by  Dr.  James  Kerr,  whose  name 
will  be  familiar  to  readers  as  one  who  has 
taken  a  deep  interest  :in  the  scientific 
lighting  of  schools,  and  who  participated 
in  the  work  of  the  Joint  Committee  of  the 
Illuminating  Engineering  Society  dealing 
with  this  subject. 

The  early  portion  of  the  book  is  devoted 
to  physiology,  psychology,  and  ethics  in 
relation  to  hygiene.  The  natvu-e  of  the 
organs  of  speech,  sight,  and  hearing,  and 
the  centres  of  perception  are  explained, 
and  the  author  then  passes  on  to  show 
the  bearing  of  this  information  on  school 
life.  Some  qviestions  of  wide  general 
interest  are  discussed  :  for  example,  the 
value  of  open-air  schools  in  combatting 
consumption  ;  the  care  of  abnormal  and 
physically  defective  children  ;  nutrition, 
physical  education  and  medical  inspec- 
tion. A  specially  interesting  chapter 
deals  with  mental  and  physical  fatigue. 
Apparently  there  are  now  quite  a  variety 
of  methods  of  testing  fatigue,  some  of 
which  have  already  proved  of  value  in 
the  studj^  of  industrial  hygiene.  There 
are  also  practical  suggestions  on  clotliing 
and  cleanliness  and  the  organisation  of 
first  aid  in  case  of  accidents.  Some 
diagrams  are  presented  showing  the 
tendency  towards  deterioration  of  vision 
during  school  life,  and  the  author  refers 
to  several  defects  in  lighting  which  are 
apt  to  accentuate  these  conditions. 
Special  importance  is  attached  to  the 
use  of  good  white  paper  in  school  books, 
and  type  of  suitable  size. 

Part  II.,  dealing  with  apparatus, 
contains  several  chapters  on  ventilation 
and  heating,  of  which  the  author  has 
made  a  special  study.  After  considering 
the    selection    of    a    suitable    site    for    a 


school,  we  come  to  the  design  of  the  class, 
rooin,  where  heating,  lighting,  and  ventila- 
tion must  often  be  considered  conjointly. 
The  selection  of  suitable  school  furniture 
also  merits  attention.  We  are  glad  to 
see  that  a  special  chapter  has  been 
devoted  to  illumination — a  matter  which 
has  sometimes  been  overlooked  in  works 
on  school  hygiene.  Dr.  Kerr  discusses 
the  fundamental  principles  ot  good 
lighting,  such  as  the  proper  position  and 
area  of  windows,  the  direction  of  artificial 
light  and  the  avoidance  of  glare,  in 
connection  with  which  he  quotes  from 
the  recommendations  of  the  Joint  Com- 
mittee of  the  Illuminating  Engineering 
Society. 

The  ideas  of  the  author  are  expressed 
in  simple  language  and  the  pages  are 
illustrated  by  many  useful  diagram^. 
Apart  from  its  evident  value  to  school 
inedical  officers  and  educational  autho- 
rities, the  book  will  be  read  with  interest 
by  many  who  have  little  technical 
knowledge  of  the  subject  treated. 
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THE     LATE     SIR     CORBET    WOODALL. 


Readers  of  the  Journal  will  have 
learnt  with  a  lively  regret,  shared  by  all 
who  ever  came  in  contact  with  him,  of 
the  death  of  Sir  Corbet  Woodall,  J.P., 
D.Sc,  M.Inst.C.E.,  Governor  of  the 
Gas  Light  and  Coke  Company  and 
the  leading  consultant  in  the  world  of 
gas  engineering,  which  took  place  rather 
suddenly  on  May  17th  at  Torquay, 
whither  his  doctors  had  ordered  him  for 
a  short  spell  of  rest  and  recuperation. 
For  some  time  past  his  health  had  not 
been  satisfactory,  owing  largely  to  the 
fact  that  his  mental  energy,  like  his 
appearance,  belied  his  75  years,  and 
tempted  him.  to  work  himself  to  a  degree 
of  which  his  bodily  powers  could  no  longer 
stand  the  strain. 

One  could  almost  wish  him  to  have 
fallen  where  he  stood  in  the  works  or 
offices  of  the  Gas  Light  and  Coke  Com- 
pany, for  if  ever  anyone  lived,  moved, 
and  had  his  being  in  the  work  of  his 
choice,  Sir  Corbet  was  that  man  ;  and  his 
employees  knew  him  to  be  not  in  name 
alone  but  in  very  truth  the  Governor 
of  that  great  Company  with  which  he 
was  so  intimately  associated.  They  will 
long  remember  him  as  an  engineer  who 
"  knew  his  job  "  down  to  the  smallest 
detail  ;  as  a  master  who  demanded  the 
best  of  which  those  who  served  him  were 
capable,  but  was  equally  unsparing  of 
himself  ;  as  a  man  no  less  ready  with 
encouragement  and  sympathy  where  such 
were  needed  than  with  criticism  and 
reproof  where  such  were  deserved. 

Sir  Corbet  Woodall  became  Governor  of 
the  Gas  Light  and  Coke  Company  in  the 
year  1906,  and  for  several  years  previously 
had  been  the  moving  spirit  on  the  Board. 
One  of  the  earliest  services  he  rendered  to 
the  Company  was  to  initiate  the  estab- 
lishment of  good  relations  between  it  and 
its  consumers  by  the  organisation  of  a 
sales  department  founded  on  the  principle 
of  mutual  benefit  ;  and  it  was  not  long 
before  the  soundness  of  this  policy  was 
amply  vindicated.  His  genius  for  admin- 
istration foimd  further  scope  in  the  well- 
known  "  co-partnership  "  and  "  appren- 
ticeship "  schemes  of  the  Company,  in 
both  of  which  undertakings  he  was  a 
prime  mover.  Under  the  former  of  these 
schemes  substantial  bonuses  reward  faith- 
ful service,  without  prejudice  to  rates  of 


pay  and  hours  of  labour  ;  by  the  latter, 
boys  who  have  just  left  school  undergo 
six  years'  free  training  in  gas  fitting  in 
the  Company's  workshops  together  with 
a  specially-arranged  continuation  course 
at  the  L.C.C.  Westminster  Technical 
Institute.  The  success  of  this  arrange- 
ment was  an  abiding  joy  to  Sir  Corbet, 
whose  sympathy  and  support  could  always 
be  enlisted  for  educational  clubs  for  boys 
and  other  such  undertakings. 

Of  the  world-wide  engineering  reputa- 
tion of  "  the  veteran  head  of  the  gas 
industry,"  as  he  has  been  termed  with 
admiring  affection,  there  is  little  need  to 
speak  here.  Suffice  it  to  recall  that  he 
was  knighted  by  King  George  on  January 
1st,  1913,  immediately  following  the  year 
of  the  centenary  of  gas  lighting  (1912), 
when  he  held  simultaneously  the  three 
offices  of  President  of  the  Institution  of 
Gas  Engineers,  President  of  the  Society 
of  British  Gas  Industries,  and  President 
of  the  British  Commercial  Gas  Associa- 
tion, as  well  as  that  of  President  of  the 
National  Congress  and  Exhibition  in 
which  all  three  organisations  joined.  In 
that  same  year,  moreover,  his  research 
and  other  scientific  work  won  him  the 
honorary  degree  of  Doctor  of  Science  of 
Leeds  University.  For  our  own  Society, 
of  which  he  was  an  honorary  member, 
he  had  warm  sympathy,  though  the 
pressure  of  his  many  other  engagements 
and  the  strict  orders  of  his  doctor  rendered 
it  impossible  for  him  to  be  a  frequent 
visitor  at  our  meetings. 

Chief,  perhaps,  of  all  the  many  ways  in 
which  he  served  his  country  after  the 
outbreak  of  war  was  the  part  he  played  in 
bringing  about  the  successful  develop- 
ment of  engineering  methods  which 
enabled  the  gas  undertakings  of  the 
Kingdom  to  meet  the  demands  made  on 
them  by  the  Ministry  of  Munitions  for  an 
adequate  supply  of  materials  for  high 
explosives.  His  death  is  a  real  loss  to  the 
country,  as  well  as  to  the  whole  engineer- 
ing world,  and  in  particular  the  gas 
industry  :    for 

' '  He  was  a  man  :  take  him  for  all  in  all. 
We  shall  not  look  upon  his  like  again." 

F.   W.   GOODENOUGH. 
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By  the  cov.riexy  uf  the  "^Journal  of  QasUcihting." 


SIR     CORBET     WOODALL, 

Governor  of  the  Gas  Light  and  Coke  Company. 


Born  August  27,  1841.       Died  May  17,  1910. 
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SCIENCE  IN  EDUCATION  AND 
EXAMINATIONS. 

A  meeting  called  by  the  Committee 
on  Neglect  of  Science,  took  place  at 
Burlington  House   on  May  3rd. 

Lord  Rayleigh,  who  presided,  remarked 
that  the  ignorance  of  natural  science 
among  all  classes  was  deplorable,  and 
urged  that  in  educational  institutions 
7nore  attention  should  be  given  to  this 
subject,  and  also  to  modern  languages. 
Sir  Ray  Lankester  spoke  to  the  same 
effect,  and  the  following  resolution  was 
then  moved  by  Sir  E.  Schafer,  and 
supported  by  Dr.  Bridges,  Lord  Montagu, 
Col.  Crompton,  Lord  Portsmouth,  Mr. 
H.  G.  Wells,  and  other  speakers  : — 

"  That  in  the  opinion  of  this  meeting  it  is 
a  matter  of  urgency,  in  order  to  promote 
national  efficiency  in  the  near  future,  that  the 
natural  sciences  should  be  made  an  integral 
part  of  the  educational  course  in  all  the  great 
schools  of  this  country,  and  should  form  part 
of  the  entrance  examination  of  the  universities 
of  Oxford  and  Cambridge,  as  ■well  as  of  the 
newer  universities." 

Another  resolution  was  moved  by  Sir 
H.  Johnston  : — 

"  That  it  is  in  the  highest  degree  desirable 
that  the  Government  should  exercise  the  large 
power  it  possesses  of  encouraging  the  study  of 
the  natural  sciences,  and  thereby  increasing  the 
efficiency  of  our  public  servants  :  (1)  by  assign- 
ing capital  importance  to  the  natural  sciences 
in  the  competitive  examinations  for  the  Home* 
Indian,  Foreign,  and  Colonial  Civil  Service  ; 
2)  by  requiring  some  knowledge  of  the  natural 
sciences  from  all  candidates  for  admission  to 
Sandhurst." 

This  resolution  received  the  support  of 
Prof.  Poulton,  Prof.  Turner,  and  Mr. 
Nowell  Smith  of  Sherborne,  and  was 
likewise  adopted. 


ORGANISED  SCIENCE. 

A  conference,  at  which  many  of  the 
chief  technical  and  scientific  societies 
were  represented,  was  called  by  the 
President  and  Council  of  the  Royal 
Society  on  March  22nd,  when  the  foUow- 
ins  resolution  was  passed  unanimously  : — 

"  This  meeting  considers  that  it  is  desirable 
to  establish  a  Conjoint  Board  of  Scientific 
Societies  for  the  purpose  of  : — 

"  (1)  Promoting  the  co-operation  of  those 
interested  in  pure  or  applied  science  ; 

"  (2)  Supplying  a  means  by  which  th© 
scientific  opinion  of  the  country  may,  on 
matters  relating  to  science,  industry  and 
education,  find  effective  expression  ; 

"  (3)  Taking  such  action  as  may  be  neces- 
sary to  promote  the  application  of  science  to 
OUT  industries  and  to  the  service  of  the 
nation  ; 

"  (4)  Discussing  scientific  questions  in 
which  international  co-operation  seems  advis- 
ab  e." 

A  Committee  has  been  appointed  to 
consider  the  best  means  of  giving  efiect 
to  this  resolution. 


ECONOMY  IN  LIGHTING. 

A  circular  issued  by  the  Board  of  Trade 
draws  attention  to  the  need  for  economy 
in  the  use  of  fuel  at  the  present  time,  in 
order  to  enable  the  export  trade  to  our 
Allies  and  neutrals  to  be  maintained. 

With  a  view  to  promoting  economies 
in  this  direction,  the  Central  Coal  and 
Coke  Supplies  Committee  have  recom- 
mended that  a  general  policy  of  economy 
in  lighting  should  be  adopted.  Gas  and 
Electric  Lighting  undertakings  are  ac- 
cordingly asked  to  notify  to  consumers 
the  Government's  desire  that  the  con- 
sumption of  coal  for  lighting  purposes 
should  be  reduced  by  10  per  cent. 

(We  propose  to  deal  more  fully  with 
this  matter  in  our  next  number. — Ed.) 
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EDITORIAL. 

The  Technical  Press  and  Economy  in  Lighting. 

We  have  recently  had  occasion  to  mention  the  important  public  services 
to  be  rendered  by  the  scientific  and  technical  press  in  disseminating  know- 
ledge of  scientific  value  and  stimulating  interest  in  industrial  research. 
In  the  present  issue  we  complete  the  discussion  on  this  important  subject, 
which  took  place  at  recent  meetings  of  the  Circle  of  Scientific,  Technical, 
and  Trade  Journalists  on  March  14th,  and  again  on  May  L6th. 

We  believe  that  there  is  a  great  field  for  co-operation  between  the 
Press,  the  chief  scientific  institutions  and  the  State  in  bringing  new  ideas 
before  the  public,  and  guiding  opinion  in  the  right  direction. 

A  good  opportunity  for  the  exercise  of  such  educational  effort  is  afforded 
by  the  urgent  need  for  judicious  economy  in  the  use  of  fuel,  emphasised 
in  a  recent  circular  from  the  Board  of  Trade,  to  which  we  referred  in  our 
last  issue  (p.  182).  We  also  appreciate  the  urgency  of  the  problem.  But 
it  is  now  fully  recognised  that  proper  illumination  is  an  absolute 
necessity  in  daily  life.  The  adequate  lighting  of  an  office  or  factory  is  as 
essential  to  the  carrying  on  of  work  as  the  tools  and  materials  employed. 
In  support  of  this  view  we  need  only  quote  from  the  recently  issued  Report 
of  the  Departmental  (Home  Office)  Committee  on  Lighting  in  Factories  and 
Workshops,  wherein  it  is  acknowledged  that  defective  lighting  leads  to 
spoiled  work  and  diminution  of  output,  and  is  a  contributory  cause  of 
accidents  and  ill-health.     This  view  has  also  received  the  support  in  the 
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Bulletin  on  the  Lighting  and  Ventilation  of  Factories,  issued  by  the  Com- 
mittee of  the  Ministry  of  Munitions  on  the  Health  of  Munition  Workers. 
In  our  streets  and  in  our  homes  adequate  illumination  is  likewise  necessary 
in  the  interests  of  health. 

It  appears  to  us,  therefore,  that  m  striving  for  economies  in  lighting 
we  should  aim,  not  at  an  indiscriminate  reduction,  which  might  defeat  its 
own  purpose  by  causing  drawbacks  which  outweigh  the  actual  economy 
in  fuel,  but  at  the  exercise  of  greater  care  in  the  use  of  light.  Light  which 
does  not  fulfil  its  object — which  dazzles  the  eyes  of  workers  instead  of 
illuminating  the  material  on  which  they  are  engaged — is  undeniably  wasted, 
and  this  waste  should  be  checked.  In  our  experience  substantial  economies 
have  often  been  made  by  introducing  the  most  efficient  forms  of  lamps, 
and  adopting  scientifically  designed  reflectors  which  direct  the  light  where 
it  is  needed.  Glassware  for  this  purpose  is  made  in  Enlgand  in  large 
quantities,  and  its  use  should  also  be  extended  on  the  national  ground 
of  encouraging  home  industries.  It  is  the  duty  of  the  illuminating  engineer 
to  promote  economies  by  these  methods  ;  and  if  Government  Departments 
can  bring  their  influence  to  bear  in  inducing  people  to  adopt  more  scientific 
methods  of  lighting,  they  would  not  only  achieve  a  much-needed  present 
economy,  but  do  valuable  work  for  the  future. 

Apart  from  the  opportunities  for  such  economy  in  the  interior  lighting 
of  buildings  W3  see  around  us  many  instances  of  waste  of  light,  even  in 
our  dimly-lighted  streets.  For  example,  we  see  powerful  street  lamps, 
consuming  a  considerable  current,  but  obscured  so  heavily  that  only  a 
fraction  oi  their  light  escapes  into  the  street.  In  several  districts  we  under- 
stand that  considerable  economies  have  been  made  by  substituting  for 
arc  lamps  suitable  incandescent  lamps  of  much  smaller  consumption  in 
appropriate  reflectors.  Again,  in  many  shops  we  see  numbers  of  lamps,  the 
light  from  which  has  been  almost  completely  blocked  by  shrouding  them 
with  coloured  paper  or  by  covering  the  bulbs  with  obscuring  lacquer. 
Fewer  lamps  of  smaller  consumption,  equipped  with  properly  designed 
screens,  would  serve  the  purpose  much  better. 

These  are  a  few  instances  of  the  Waste  of  artificial  light,  and  it  may  be 
recalled  that  a  fuller  use  of  daylight  may  also  lead  to  economies.  In  the 
case  of  buildings  with  unduly  small  window  area,  or  obstructed  by  neigh- 
bouring obstacles,  the  untimely  diminution  of  daylight  leads  to  artificial 
light  being  employed  at  a  needlessly  early  period.  In  many  such  cases 
by  making  use  of  mirrors,  or  panes  of  suitable  diffusing  glass,  the  period 
during  which  daylight  can  be  used  may  be  lengthened,  and  the  time  during 
which  artificial  light  is  necessary  restricted. 

To  put  the  matter  in  a  nutshell,  we  venture  to  suggest  that  in  further 
circulars  the  Board  of  Trade  might  Well  lay  stress  on  the  forms  of  economy 
mentioned  above,  inviting  the  co-operation  of  the  technical  press  in  order 
to  bring  about  the  needed  saving  in  fuel.  Many  different  aspects  of  the 
subject  will  occur  in  connection  with  various  trades  and  technical  journalists 
who  are  convei'sant  with  such  industries,  could  doubtless  often  make 
suggestions  in  their  columns  which  would  tend  in  the  desired  direction. 
We  feel  sure  that  the  importance  of  the  matter  would  be  readily  appreciated 
if  conveyed  in  this  form  ;  and  members  of  the  Illuminating  Engineering 
Society,  who  have  from  the  very  first  aimed  at  the  suppression  of  waste 
of  light  on  general  grounds,  would  doubtless  be  only  too  glad  to  co-operate 
in  such  a  campaign. 
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Professor  Silvanus  P.  Thompson. 


I)oR\,  Jink   19Ui,   1X51. 


DiKO,  Jink  12lli,  1916. 


It  is  with  doop  sorrow  that  wc  record  the  loss  of  Professor  Silvanus 
P.  Thompson,  First  President  of  the  Ilhiniinating  Enginei-rinj.;  Society, 
who  passed  away  alter  a  brief  illnc\ss  on  Monday,  June  Pith. 

His  unexpected  death  came  as  a  painful  shock  to  the  world  of  science 
not  only  on  account  of  its  suddenness,  but  because  of  the  many  close  personal 
associations  to  which  his  singularly  lovable  and  kindly  disposition  and 
his  versatile  gifts  gave  rise.  Up  to  the  ver}'  last  he  pursued  his  usual  active 
interest  in  scientihc  work.     On  the  Frida}'  before  his  death  he  attended 
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Dr.  Clarke's  lecture  on  e^-esight  before  the  Royal  Institution.  Only  a  few 
weeks  ago,  in  presiding  at  the  Annual  Meeting  of  the  Illuminating  Engineering 
Society,  he  spoke  with  all  his  accustomed  charm  and  idealism,  encouraging 
us  by  pointing  out  how  many  of  the  aims  and  objects  of  the  Society — so 
admirably  expressed  in  his  own  Inaugural  Address  in  1909 — were  gradually 
being  carried  into  effect.  We  cannot  do  better  than  quote  from  what  we 
now  feel  to  have  been  a  farewell  message  : — 

"  The  whole  function  of  the  Society  is  to  produce  good  Ughting  hy  whatever  means, 
and  the  fact  that  Departmental  Committees  and  oflicials  of  the  Home  Office  are  now  per- 
suaded, and  more  than  persuaded,  that  this  is  a  step  to  be  fostered  governmentally,  is  a 
complete  justification  for  the  existence  of  the  Society.  This,  however,  does  not  justify  us 
in  folding  our  arms  and  sa>'ing  that  our  work  is  done,  but  it  is  an  encouragement  to  go  on 
in  the  future  in  the  same  direction  and  improve  lighting  of  all  kinds  for  the  benefit  of  the 
community." 

In  Professor  Thompson  there  were  united  rare  intellectual  gifts  chat 
gained  for  him  a  European  reputation,  and  personal  qualities  that  won 
the  esteem  and  love  of  all  with  whom  he  came  in  contact.  Throughout  his 
active  career  he  was  almost  equally  eminent  in  engineering  work  and  in 
pure  science. 

Optical  problems  had  a  special  fascination  for  him,  and  his  lectures 
before  the  Royal  Institution  on  "  Light,  Visible  and  Visible,"  were  after- 
wards collected  in  a  book  that  became  very  widely  known.  He  filled  the 
Presidential  Chair  of  the  Institution  of  Electrical  Enpineers,  and  the 
Physical,  Optical,  Rontgen  and  Illuminating  Engineering  Societies.  In 
many  cases  he  was  among  the  first  to  give  his  support  and  encouragement 
to  new  institutions.  The  Illuminating  Engineering  Society,  at  least,  owes 
him  a  debt  of  gratitude  which  can  never  be  repaid. 

With  his  wide,  technical,  and  scientific  knowledge  he  combined  remark- 
able literary  powers,  a  taste  for  antiquarian  research,  and  practical  ability 
as  an  artist  and  a  musician.  As  an  expositor  of  scientific  subjects  he  was 
unrivalled.  His  books  are  models  of  lucid  explanation,  and  he  had,  in  a 
very  marked  degree,  the  power  of  interesting  students  and  inspiring  them 
with  his  own  enthusiasm.  His  quick  mind,  tact,  and  savoir  faire  made 
him  an  ideal  Chairman.  His  deep  knowledge  was  adorned  by  a  graceful 
gaiety  and  lightness  of  touch  that  gained  the  hearts  of  his  audience. 

These  same  qualities  stood  him  in  good  stead  at  international  gatherings, 
where  he  formed  many  close  friendships.  He  spoke  several  European 
languages  fluently.  The  writer  has  a  vivid  recollection  of  his  graceful, 
address  in  Italian,  delivered  at  a  dinner  given  to  Professor  Pacinnotti,  on 
the  occasion  of  the  International  Electrical  Congress,  held  in  Turin  in  1911. 

In  the  Illuminating  Engineering  Society  he  endeared  himself  by  his 
conscientious  execution  of  his  duties  as  President,  and  the  admirable  way 
in  which  he  smoothed  away  conflicting  interests — always  cheerful  and 
optimistic,  with  a  generous  recognition  of  the  services  of  others,  and  a  kind 
thought  for  all  with  whom  he  came  in  contact.  He  seemed  by  instinct  to 
know  the  right  thing  to  do  and  say  on  each  occasion,  and  it  was  in  no  small 
measure,  owing  to  his  influence  in  the  early  stages,  that  the  Council  Meetings 
of  the  Society  have,  from  the  very  beginning,  been  carried  on  in  such  an 
amicable  and  friendly  manner.  In  his  personal  dealings  with  Professor 
Thompson  the  writer  cannot  recollect  ever  hearing  him  say  a  harsh  word 
of  any  one.  If  he  could  not  praise  he  would  not  blame.  Truly  he  was 
a  man  such  as  one  meets  but  seldom  ;  and  his  loss,  difficult  as  yet  to  realise, 
leaves  a  gap  in  the  ranks  of  science  which  it  will  be  hard  indeed  to  fill. 

Leon  Gaster. 
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THE  SPHERE  OF  THE   SCIENTIFIC  AND   TECHNICAL 
PRESS    IN    RELATION    TO    TECHNICAL    EDUCATION 

AND    RESEARCH. 

By    a.    p.    M.    FLEMINC4. 


(Introduction  to  a  discussion  at  a  meeting  of  the  Circle  of  Scientific,  Technical  and  Trade 
Journalists  Jield  at  the  Hall  of  the  Institute  of  Journalists,  Tudor  Street,  Blackfriars, 
London,  at  8  p.m.,  on  Tuesday,  March  14th,  1916.) 

{Continued  from  f.  166,  Mai/  1916,  Vol.  IX.) 


General. 

Tlie  fundaiuental  reqiiiremcnt  in  manu- 
facturing is  to  produce  marketable  com- 
modities in  the  most  economic  manner. 
To  accomplish  this  in  the  face  of  inter- 
national competition  necessitates  turning 
to  account  every  possible  asset.  Two 
of  the  greatest  of  these  are  industrial 
education  and  scientific  research.  Their 
value  at  present  is  not  fully  recognised. 

To  ap])reciate  how  the  press  can  co- 
operate in  making  their  importance 
appreciated  requires  first  of  all  a  clear 
grasp  of  the  fundamental  principles  on 
which  these  two  factors  depend,  and  a 
knowledge  of  the  specific  obstacles  that 
at  present  hinder  progress. 

Education. 

While  agreeing  in  general  with  Dr. 
Carnett's  suggestion  as  to  the  need  for 
specific  education  to  suit  all  grades  of 
industrial  employment,  for  my  present 
])ur])ose  it  will  be  sufficient  to  group  these 
grades  into  two  classes,  namely,  manual 
and  non-manual  workers. 

For  the  latter,  which  comprises  the 
higher  ranks  of  employment,  there  are 
already  some  facilities,  although  these 
are  inadequate.  For  the  former,  suitable 
education,  in  an  industrial  sense,  is  woe- 
fully neglected.  I  will  confine  my 
remarks  on  educational  matters  to  this 
class. 

The  greater  part  of  juvenile  labour 
representing  the  future  skilled  workers 
in  industry  is  at  present  a  wasted  national 
asset,  since  due  to  lack  of  suitable 
practical  training,  and  especially  of 
education  co-ordinating  with  daily  work, 
its  capacity  for  production  is  very  far 
horn  being  developed  to  its  utmost. 


While  much  may  be  done  by  the  careful 
selection  of  youths  and  some  bias  given 
to  their  general  education  which  will  fit 
them  for  entry  into  industrial  life,  it  is 
of  the  utmost  importance  that  a  con- 
tinuation education  of  a  character  apply- 
ing specifically  to  their  work  be  pro- 
vided. It  is  not  sufficiently  realised  that 
almost  every  youth  in  industry  who  com- 
mences as  a  manual  worker  will  continue 
as  such  all  his  life,  and  while  there  are 
many  opportunities  for  him  to  acquire 
education  fitting  him  for  higher  positions, 
this  is  to  a  large  extent  thrown  away  on 
the  youth  who  will  remain  a  manual 
worker.  The  kind  of  education  I  have 
in  mind  is  that  which  can  best  be  applied 
actually  in  works,  but  which  under 
modern  conditions  of  industry  cannot  be 
imparted  to  a  youth  under  ordinary 
conditions  during  his  practical  training. 
A  few  progressive  firms  have  instituted 
works  schools  for  this  purpose,  and  in 
this  direction  either  individually  or  col- 
lectively employers  can  solve  the  ])roblem. 
The  fundamental  difiiculty  is  tluxt  em- 
ployers in  the  main  do  not  realise  to  what 
extent  the  value  of  a  worker  can  be  im- 
proved by  suitable  training  and  education, 
or  to  what  extent  such  an  improved 
worker  is  an  asset  in  facilitating  economic 
production.  Much  good  would  result 
from  the  education  of  employers  through 
the  various  technical  and  trade  press  in 
the  different  industries  to  a  greater 
a])preciation,  not  only  of  their  responsi- 
bilities in  connection  with  the  education 
of  the  juvenile  WT)rker,  but  to  a  realisa- 
tion of  the  asset  he  may  become.  Thus 
far  the  em])loyer  has  been  ])assive  in  the 
matter,  and  has  looked  to  the  educa- 
tionist  to   deal   with   the  problem.     Its 
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real  solution  can  only  come  from  the 
employer  deciding  what  in  his  own 
interests  is  the  best  kind  of  industrial 
education  his  juvenile  employees  can 
have,  and  then  making  his  voice  heard 
in  demanding  that  this  kind  of  education 
be  provided.  Incidentally  it  should  be 
noted  that  the  development  of  a  good 
workman  is  the  best  foundation  on  which 
education  for  citizenship  can  be  based. 
It  should  further  be  noted  that  while 
some  guidance  can  be  obtained  from  the 
careful  study  of  the  methods  adopted 
in  other  industrial  countries,  the  whole 
problem  is  a  psychological  one  which  we 
have  to  solve  to  suit  the  characteristics 
and  conditions  of  our  own  people. 

Industrial  Research. 

Industrial  research  is  spoken  about 
so  much  nowadays  that  by  some  it  is 
likely  to  be  considered  a  sort  of  panacea 
for  all  industrial  ills  and  its  real  function 
lost  sight  of.  At  the  best  industrial 
research  can  b^  considered  only  as  a  very 
desirable  weapon — which  manufacturers 
in  this  country  have  on  the  whole  hereto- 
fore failed  to  make  use  of  in  their  efforts 
to  produce  economically — and  a  means 
of  providing  new  discoveries  of  science 
having  application  in  industry. 

The  fundamental  principle  on  which 
industrial  research  rests  is  that  no 
industry  can  make  progress  without  the 
continual  addition  of  new  knowledge. 
In  earlier  days  this  new  knowledge  was 
provided  by  the  growing  experience  of  the 
individual  workers.  This,  together  with 
results  of  the  efforts  of  occasional 
inventors,  ultimately  became  the  common 
property  of  the  industry.  With  the 
increasing  complexity  of  industry  and 
more  exacting  competitive  conditions, 
this  new  knowledge  became  increasingly 
difficult  to  provide  until  far  seeing 
capitalists  appreciated  the  need  for 
organising  means  and  using  every  facility 
that  science  affords  to  provide  a  con- 
tinual influx  of  knowledge.  These  men 
at  the  same  time  appreciated  that  sooner 
or  later  every  scientific  discovery  finds 
its  use  in  industry.  It  is  along  such  lines 
that  modern  industrial  research  has 
developed,  and  its  use  in  this  country  is 
necessary  because  it  depends  on  this 
fundamental  principle,  and  not  merely 
because    other    countries    have    already 


taken  advantage  of  the  facilities  it  affords. 
While  this  is  so,  some  guidance  can  be 
obtained  from  the  progress  our  com- 
petitors have  made.  In  Germany,  for 
instance,  the  important  feature  arising 
from  industrial  research  has  been  the 
great  appreciation  shown  by  manu- 
facturers of  the  benefits  to  be  obtained 
from  the  application  of  science,  and  the 
absorption  into  their  industries  of  very 
large  numbers  of  highly  trained  technical 
men.  Particularly  have  the  benefits  of 
industrial  research  been  seen  in  the 
chemical  and  electrical  industries. 

In  the  States  an  enormous  amount  of 
industrial  research  has  been  carried  out 
by  individual  firms.  Striking  results 
may  be  noted  in  connection  with  the 
research  work  done  by  the  General 
Electric  Co.  dealing  with  improve- 
ments in  electrical  apparatus ;  in  the 
production  of  chemicals,  and  in  the 
initiation  of  several  new  factories  for  the 
purpose  of  manufacturing  products  dis- 
covered in  the  research  laboratory.  In 
the  National  Electric  Lamp  Association 
Laboratory,  Cleveland,  a  great  deal  of  the 
modern  developments  of  electric  lamps 
has  taken  place,  and  in  addition  in  the 
pure  science  laboratory  there,  pioneer 
work  is  continually  being  done  in  the 
science  of  illumination.  The  American 
Eolling  Mill  Co.,  one  of  the  largest  pro- 
ducers of  sheet  steel  in  the  States,  owes  its 
important  speciality — the  production  of 
rustless  sheet  iron — to  the  research  labora- 
tory. The  Eastman  Kodak  Co.  main- 
tains its  position  in  the  front  rank  as  a 
producer  of  photographic  chemicals  and 
apparatus  largely  as  a  result  of  the 
pioneer  work  carried  on  in  its  research 
department  under  Dr.  Mees.  The  recent 
success  in  long  distance  wireless  tele- 
phony has  been  achieved  largely  as  a 
result  of  the  investigations  in  the  research 
laboratory  of  the  Western  Telegraphic 
Co.  A  new  industry  for  the  manufacture 
of  commodities  from  synthetic  resins  had 
its  inception  in  the  scientific  work  of  the 
General  Bakelite  Co.  In  other  directions 
in  the  States  great  progress  has  been  made 
through  the  investigational  work  of  such 
companies  as  the  Dupont  Powder  Co., 
General  Chemical  Co.,  United  States  Steel 
Corporation,  &c.,  in  fact  at  the  present 
time  there  are  many  corporations 
having      research    laboratories,     costing 
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annually  from  £20,000  to  £100,000  each 
for  maintenance. 

Apart  from  manufacturing  concerns, 
important  research  work  in  connection 
with  industry  has  been  done  by  the 
Bureau  of  Standards,  notably  in  con- 
nection with  refrigerating  machinery 
manufacture,  and  by  such  institutions 
as  the  Mellon  Institute  of  Industrial 
Eesearch,  Pittsburg.  In  this  latter  insti- 
tute— the  work  of  which  has  been 
described  on  a  number  of  occasions  in  the 
press — valuable  industrial  research  deal- 
ing with  glass  production,  smoke  pre- 
vention, copper  leeching,  timber  preserva- 
tion, cement  manufacture,  paper  pro- 
ducts, &c.,  in  many  cases  resulting  in  the 
commencement  of  new  factories  and  in 
fact  of  new  industries,  has  been  carried 
out.  Some  of  the  most  striking  features 
of  the  research  work  in  America  are  the 
lavish  manner  in  which  the  laboratories 
have  been  planned  and  which  in  many 
cases  enable  large  scale  manufacturing 
operations  to  be  carried  out  in  order  to 
determine  the  best  possible  methods  of 
manufacturing  any  commodity  develojxd 
or  discovered  in  the  laboratory ;  the 
appreciation  of  men  of  higher  scientific 
training  by  industry,  resulting  in  increas- 
ing numbers  of  students  proceeding  to 
their  doctors  degree  before  leaving  the 
university  ;  the  increasing  attention  given 
in  the  research  laboratories  to  pure 
science  investigations,  this  being  in  my 
o])inion  the  most  important  phase  of 
industrial  research  ;  the  absorption  of 
men  who  have  proven  their  capacity  for 
industrial  research  in  such  ])laces  as  the 
Mellon  Institute,  the  Bureau  of  Standards, 
&c.,  by  the  various  industries  in  which 
they  have  taken  scientific  interest. 

In  England  our  scientists  have  excelled 
in  almost  every  field  of  pure  science.  In 
many  isolated  cases  the  discoveries  thus 
made  have  been  turned  to  account  in 
industry.  A  notable  example  is  that 
of  the  work  of  Sir  R.  Had  field  in  con- 
nection with  the  ])roduction  among  other 
specialities  of  high  grade  magnetic  quahty 
sheet  steel.  Then  again  the  whole  of  the 
electrical  industry  practically  dei)end3 
on  the  initial  pure  science  investigations 
of  the  early  electrical  scientists. 

From  a  national  point  of  view,  in  order 
to  utilise  to  the  full  the  benefits  of  indus- 
trial research,  it  is  necessary  to  organise 


these  scattered  individual  efforts  so  as  to 
present  an  organised  front  instead  of 
operating  as  a  number  of  units.  As  to  the 
lines  on  which  this  can  be  done,  there  are 
many  alternative  possibilities,  and  per- 
sonally I  am  of  the  opinion  that  our 
efforts  should  be  concentrated  in  one 
ceiitral  institution  comprising  laboratories, 
each  of  which  serves  as  the  focus  for  one 
of  the  principal  industries,  rather  than 
utilise  a  number  of  scattered  institutions. 
It  is  immaterial  at  the  moment,  however, 
what  plan  is  followed,  as  long  as  it  is 
devised  according  to  sound  fundamental 
principles  and  that  existing  facilities  be 
modified  to  fit  in  with  an  ideal  plan 
rather  than  the  plan  being  modified  to 
suit  existing  facilities. 

Obstacles  in  the  way  of  National  Industrial 
Research. 

No  progress  can  be  made  in  the  way  of 
instituting  a  national  scheme  of  research 
without  a  great  deal  of  preparatory  spade 
work.  The  greatest  obstacle  that  at 
present  exists  is  the  lack  of  appreciation 
by  manufacturers  of  the  application  of 
science  in  industry,  and  the  general 
tendency  to  avoid  the  employment  of 
the  scientifically  trained  men.  To  a  con- 
siderable extent  this  attitude  reflects  the 
lack  of  the  real  fundamental  knowledge 
of  science  that  should  have  been  acquired 
in  early  education,  and  also  to  a  com- 
placency arising  from  the  fact  that  the 
British  manufacturer  appears  to  possess 
to  a  greater  extent  than  his  international 
competitors,  a  capacity  for  industrial 
organisation  which  in  tlie  past  lias  been  a 
most  important  asset. 

Co-operation  of  the  Press. 

It  is  in  the  direction  of  educating  the 
manufacturer  to  a  proper  sense  of  the 
value  of  industrial  research  that  the  press 
can  do  most  valuable  work,  in  fact  it 
ajjpears  to  be  the  only  method  by  which 
the  lethargy  of  the  manui'acturer  can  be 
dispelled.  To  accom])lish  this  educa- 
tional work,  however,  it  is  necessary  tliat 
a  definite  pro))aganda  be  ])lanned  rather 
than  a  species  of  sniping  carried  out  at 
occasional  intervals.  It  would  ai)p('ar 
to  me  to  be  desirable  that  the  jn-ess  sliould 
be  organised  so  that  in  each  industry 
the  princi])al  organs  can  devote  con- 
sistently space  for  the  purpose,  first  of  all 
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of  laying  down  the  fundamental  principles 
of  industrial  research  ;  its  economic 
importance  as  a  weapon  in  meeting  foreign 
competition,  and  by  the  adoption  of  new 
scientific  discoveries  outstripping  com- 
petition ;  evidence  of  what  foreign  com- 
petitors are  doing  and  the  advantages 
they  are  achieving  from  research  ; 
examples  of  industrial  research  in  this 
country  and  the  general  progress  made 
by  the  more  progressive  firms  in  this 
respect.  Through  the  principal  trade 
organs  the  interest  of  the  leading  men 
in  each  industry  could  probably  be  en- 
listed to  co-operate  in  this  educational 
movement,  and  some  good  may  result 
from  the  encouragement  of  correspondence 
on  the  matter  in  order  to  secure  the  view 
points  of  the  people  in  industry. 

Progress  can  only  be  made  through  the 
manufacturer  being  awakened  to  a  realisa- 
tion of  the  benefits  that  research  can 
confer. 


Quite  apart  from  arousing  some  im- 
mediate interest  in  this  subject,  it  is 
necessary  to  build  far  deeper  and  en- 
courage increasing  numbers  of  young  men 
to  secure  sound  scientific  training  with  a 
view  to  entering  industry.  Particularly 
does  this  apply  to  those  who  will  event- 
ually inherit  or  occupy  positions  of 
importance  in  manufacture.  Further, 
every  effort  should  be  made  to  divert 
into  productive  vocations  those  young 
men  of  ability  who  otherwise  tend  to 
pursue  callings  that  have  no  productive 
value. 

In  planning  an  educational  propaganda 
for  manufacturers  this  might  be  facili- 
tated and  some  scheme  of  working  laid 
down  by  a  conference  between  a  few  of  the 
more  progressive  industrial  people  and 
representatives  of  the  press.  Ultimately 
it  is  likely,  I  should  think,  that  separate 
organs  for  industrial  education  and 
research  would  be  needed. 


DISCUSSION. 


In  opening  the  discussion  the  Chairman 
mentioned  that  a  telegram  had  been 
received  from.  ]\Ir.  Hill,  of  the  Scientific 
Organisation  Association,  regretting  his 
inability  to  attend.  Several  prominent 
men  of  science  had  likewise  sent  letters 
expressing  their  interest  in  the  meeting 
and  regretting  their  absence  owing  to 
other  pressing  engagements. 

Prof.  R.  A.  Gregory  {Nature),  who 
represented  the  British  Science  Guild, 
said  that  it  seemed  to  have  been 
forgotten  or  put  aside  for  the  time  being 
that  there  is  a  difference  between  scientific 
investigation  as  generally  understood, 
and  industrial  research.  Usually  the 
manufacturer,  if  he  saw  a  way  of  making 
money  out  of  the  solution  of  a  problem, 
would  try  to  do  something  ;  that  was 
industrial  research,  namely,  research 
with  practical  profit  in  view.  It  was 
industrial  research  that  made  Edison 
send  investigators  all  over  the  world  to 
try  to  find  a  suitable  filament  for  the  first 
incandescent  lamp.  On  the  other  hand, 
scientific  investigation,  which  comprised 
all  the  best  work  that  had  been  done, 
and  had  promoted  the  greatest  develop- 
ment in  engineering  of  all  kinds  and  con- 


ferred the  greatest  benefits  upon  the 
human  race,  was  done  without  any  con- 
sideration of  profit  whatever.  That  was 
the  distinction  between  the  two.  It  was 
scientific  investigation  which  had  founded 
the  electrical  engineering  industry  ;  in 
other  words,  it  was  the  researches  carried 
out  by  Faraday  at  the  Royal  Institution 
in  London,  purely  as  a  scientific  study 
which  had  brought  the  electrical  industry 
into  existence.  The  greatest  discoveries 
were  not  due  to  industrial  research, 
which  was  a  commercial  matter,  and 
could  almost  be  left  to  take  care  of  itself. 
If  a  royalty  of  1  per  cent,  for  scientific 
research  had  been  put  on  all  inventions 
depending  on  Faraday's  work,  there 
would  have  been  available  much  more 
than  the  £300,000,  which  had  been  sug- 
gested by  Dr.  Garnett.  Sir  Ronald 
Ross's  discovery  of  the  cause  of  malaria, 
namely,  that  it  is  due  to  infection  by  the 
bite  of  a  particular  mosquito,  had  re- 
sulted from  work  which  had  no  official 
sanction  and  was,  indeed,  discounten- 
anced, yet  millions  of  lives  had  been 
saved  by  the  discovery.  This  work  of 
Ross's  iiad  also  been  largely  instru- 
mental in  practically  stamping  out  yellow 
fever    in    the    Panama    Canal    region, 
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although    he    did    not    forget    that    the 
yellow  fever  investigation  had  originated 
in   America   after   Koss's    work    on    the 
mosquito.     The  true  scientific  man  pur- 
sues investigation  just  where  his  fancy 
led  him,  and  this  was  quite  different  from 
the  research  carried  out  with  the  object 
of  finding  a  market  for  the  result.     With 
regard  to  the  Advisory  Council  referred 
to  by  Dr.  Garnett,  this  had  been  estab- 
lished in  our  usual  fashion,  and  he,  for 
one,  was  not  impressed  by  it  to  the  extent 
that  Dr.  Garnett  appeared  to  be.     It  was 
under  a  Committee  of  the  Privy  Council, 
the    members    of    which,    except    Lord 
Haldane,    knew   nothing   about   science. 
The   Advisory  Council  was  a  very  dis- 
tinguished scientific  body,  but  its  officials 
did  not  come  within  that  category.     The 
Secretary    of    the    Committee    was    Sir 
A.  Selby  Bigge,  Secretary  of  the  Board 
of  Education,  who  did  not  pretend  to 
have   any   knowledge   of  science.     Then 
the  Advisory  Council  had  two  secretaries 
appointed  by  the   Board  of  Education, 
neither    of    whom    had    any    particular 
scientific  training,  so  that  the  very  start 
had  been  made  in  an  unbusinesslike  way. 
If  the  Advisory  Council  was  to  be  a  living 
organisation,  initiation  by  the  executive 
officers  was  the  great  thing  needed.     The 
Government  seemed  to  expect  that  men 
of  science  would  come  forward  and  help, 
and  get  nothing  for  doing  so.     Numerous 
committees  had  recently  been  appointed 
in  connection  with  munitions  and  trade 
by    societies    and    Government    depart- 
ments ;      and    all    the    members    were 
working  for  nothing.     Men  of  science  did 
not  mind  doing  this  during  the  war,  but 
it    seemed    the    general    idea    that    they 
should  be  content  to  live  on  one  or  two 
hun.- reds  a  year,  and  provide  the  dis- 
coveries  from   which   the   manufacturers 
were  to  make  their  tens  of  thousands. 
Men   of  science   did   not  propose   much 
longer    to    be    regarded    as    workers    in 
garrets  to  be  exploited,  and  it  was  neces- 
sary   for    the    country    to     know    this. 
Lawyers  and  other  professional  men  did 
not    give    their    services    for    nothing  ; 
neither    the    Attorney-General,    nor    the 
Solicitor-General,   nor   the   medical  con- 
sultants were  working  during  the  war  for 
nothing,    and   therefore    men    of   science 
should  not  be  expected  to  do  so.     What 
was  wanted  was  a  Board  or  Institution 


in  which  all  science  would  be  organised 
and  brought  into  connection  with  in- 
dustrial work.  Such  a  body  should 
embrace,  not  only  chemistry  and  physics, 
but  all  branches  of  science,  and  should 
take  under  its  control  not  merely  the 
National  Physical  Laboratory,  but  a 
national  chemical  laboratory  and  labora- 
tories dealing  with  other  subjects.  We 
wanted  a  Board  in  which  scientific  work 
could  be  brought  together  and  put  into 
relation  with  the  educational  and  indus- 
trial organisations  of  the  Kingdom.  At 
present  there  was  a  most  deplorable 
neglect  in  the  provision  made  for  publi- 
catio2i,  and  the  United  States  was  an 
example  in  this  respect  in  the  manner  in 
which  the  Bureau  of  Standards  issued  its 
publications,  which  were  prepared  most 
admirably  and  distributed  widely  to  the 
technical  press,  and  through  them  to  the 
public.  On  the  other  hand,  our  National 
Physical  Laboratory  reported  once  a  year 
in  a  document  consisting  of  only  about 
50  i:)ages  or  so. 

Mr.  L.  Pendred  (the  Engineer)  re- 
marked that  all  the  memoirs  of  the 
National  Physical  Laboratory  were  pub- 
lished. 

Prof.  Gregory  agreed,  but  said  they 
were  very  few,  and  there  was  little  com- 
parison between  the  publications  of  the 
Bureau  of  Standards  and  those  of  the 
National  Physical  Laboratory.  It  was 
important  to  have  very  free  publication  of 
the  work  done  at  all  institutions  of  this 
nature.  While  our  Government  had 
been  considering  what  it  should  do,  the 
Commonwealth  of  Australia  had  practi- 
cally established  such  a  scheme  as  he  had 
suggested.  This  scheme,  which  pro- 
vided for  the  constitution  of  an  Institute 
of  Science  and  Invention,  had  been  drawn 
up  by  Mr.  Hughes,  the  Premier,  who  was 
at  present  in  this  country,  and  when  ]\Ir. 
Hughes  returned  to  Australia  a  Bill  was 
to  be  presented  in  Parliament  and  the 
Institute  established.  We  had  got  a 
lead  from  Australia  and  he  hoped  that 
it  would  not  be  long  before  wc  were  able 
to  follow  very  closely  what  was  being 
done  on  the  other  side  of  the  globe. 

The  Chairman  mentioned  that  the 
proceedings  at  this  meeting  would  be 
re]irinted,  ]uiblished  in  pamphlet  form 
and  distributed. 
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Mr.  L.  Pexdred  (the  Emji.neer)   said 
there  were   one   or  two  points  in  Prof. 
Gregory's  remarks  which  he  would  like  to 
refer  to.    Prof.  Gregory  was  under  some 
little  misconception  as  to  the  way  in  which 
the  work  of  the  Ad^'^sory  Council  would  be 
carried  out.    He  (Mr.  Pendred)  happened 
to  know  a  little  more  than  was  generally 
known  of  what  was  being  done  by  the 
Advisory    Council,    and    he    believed    it 
would  be  found  that  the  final  arrange- 
ments were  such  as  would  appeal  to  the 
general  body  of  British  manufacturers. 
Then  with  regard  to  the  pubUcation  of 
scientific  reports  in  this  country,  reference 
had  been  made  to  what  was  done  by  the 
National     Physical     Laboratory.       This 
laboratory  worked  on  the  plan  of  allowing 
the  members  of  its  staff  to  issue  to  the 
press  articles  upon  the  work  done  in  the 
laboratory  ;    that  appeared  to  be  a  very 
excellent  way  of  distributing  the  know- 
ledge broadcast.     It  also  issued  annually 
a   book   containing  memoirs   on   a  con- 
siderable number  of  subjects.     The  very 
important  work  that  had  been  done  in 
aeronautics,  on  screw  propellers  and  air 
resistance,    had    all    been    published    in 
special  form.     It  must  be  admitted,  he 
thought,    that    the     National    Physical 
Laboratory  had  endeavoured  to  spread 
the    knowledge    it    had    acquired.     He 
would  also  like  to  add  that  the  work  done 
at  the  Yarrow  tank  at  Teddington  had 
been  pubhshed  almost  annually  in  the 
reports     of    the     Institution    of    Naval 
Architects.     Similarly^  the  work  done  in 
allovs  research  had  been  published  before 
the  Institution  of  Mechanical  Engineers 
in  papers  presented  by  the  Alloys  Re- 
search Committee. 

He  was  so  thoroughly  in  agreement 
with  Dr.  Garnctt  and  Mr.  Fleming  that 
there  was  little  to  discuss,  so  far  as  their 
papers  were  concerned,  but  one  point  he 
would  like  to  draw  attention  to  was  that 
there  seemed  to  be  a  considerable  feeling 
that  science  was  going  to  do  everything 
for  this  country.  We  must  not  be  led 
away  by  the  notion  that  we  could  put 
reliance  in  science  and  science  only.  We 
did  not  want  a  very  much  larger  number 
of  scientific  men  than  were  turned  out 
annually,  but  it  was  necessary  to  have 
a  greater  number  of  people  who  took  a 
sympathetic  interest  in  science.  We  did 
not  want  everybody  trained  as  scientists, 


and  he  was  very  glad  to  see  that  Dr. 
Garnett  in  his  sixth  section  laid  stress  on 
the    value,    for    certain    purposes,    of    a 
classical  education.     With  regard  to  our 
associations  and  their  work  on  research, 
Dr.    Garnett    stated    that    the    British 
Association  was  the  only  one  which  had 
successfully     attempted     organised     re- 
search.    That,    he   thought,    required   a 
httle  modification.     The  Royal  Institu- 
tion, as  all  knew,  had  done  a  great  deal 
of  very  valuable  scientific  research,  for 
instance,     Dewar's     research    into     low 
temperatures.     The  work  recently  done 
also  by  the  Institute  of  Chemistry  was 
one  of  the  most  remarkable  pieces  of  re- 
search work  ever  carried  out.     When  the 
war  broke  upon  vis  it  left  British  manu- 
facturers practically  at  a  standstill  for 
the  lack  of  glass.     It  was  impossible  even 
to  carry  out  the  manufacture  of  guns, 
because  we  were  short  of  a  particular  kind 
of  glass.     The  analysis  that  was  essential 
to  the  manufacture  of  steel  had  to  be 
done  in  glass  which  all  came  from  Ger- 
many and  could  not  be  supplied  here. 
The  Institute  of  Chemistry  on  its  own 
initiative  started  a  little  research  which 
was  provided  with  £200  as  funds.     Later 
he    believed    the    Advisory    Council   ad- 
vanced an  additional  £500,  and  with  that 
money     the     Institute     of     Chemistry — 
which  had   appointed   Prof.   Jackson  of 
King's  College  to  carry  out  the  research — 
had  produced  a  series  of  formulae  for 
glass    which    enabled    manufacturers    to 
produce    any    glass    required    both    for 
optical    and    laboratory    work.     He    re- 
garded this  as  a  wonderful  piece  of  work, 
in  view  of  the  fact  that  it  had  been  accom- 
plished in  about  six  months. 

Dr.  R.  MuLLiNEUX  Walmsley  (Prin- 
cipal of  the  Northampton  Polytechnic 
Institute)  could  only  offer  a  few  dis- 
jointed remarks  in  the  limited  time 
available.  He  said  that  we  had  been 
treated  during  the  last  few  weeks  in  the 
press  to  an  anti-German  campaign,  and 
directions  as  to  what  we  were  to  do  to 
obtain  German  trade  after  the  war. 
AMiat  Mr.  Fleming  had  told  us  about 
America,  however,  indicated  that  we 
must  look  westwards  as  well  as  eastwards, 
for  we  should  have  very  much  keener 
competition  in  the  first  years  after  the 
war  from  the  other  side  of  the  Atlantic 
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than  from  Germany.  If  we  neglected  the 
lessons  taught  by  Mr.  Fleming's  remarks 
with  regard  to  industrial  research  in  the 
United  States,  we  should  suffer  for  it  very 
seriously.  He  would  like  all  journalists 
to  keep  that  in  mind  ;  they  could  wield 
an  enormous  power  in  helping  to  meet 
that  competition,  which  would  probably 
have  to  be  met  by  methods  different  from 
those  which  were  promulgated  to  deal 
with  the  competition  from  the  East. 
With  regard  to  classical  education,  he 
would  have  very  much  liked  Dr.  Garnett 
to  have  gone  further  and  to  have  said 
that  our  classical  men,  without  neglecting 
their  classics,  should  have  a  great  deal 
more  science.  Notwithstanding  their  lack 
of  science,  however,  one  form  of  research 
had  been  highly  developed  by  them,  but 
it  was  not  beneficial  to  the  country, 
namely,  the  synthetic  production  of  red 
tape.  He  could  not  agree  that  in- 
dustrial research  could  be  neglected. 
Industrial  research  had  come  to  stay. 
He  thoroughly  agreed  with  all  that  Mr. 
Fleming  had  said  on  that  point,  and  we 
had  got  to  face  it.  It  would  be  well  for 
all  those  interested  to  do  what  Mr. 
Fleming  had  done,  namely,  take  a  trip 
to  the  States  and  see  what  was  going  on 
there  in  this  direction  on  the  spot.  One 
point  in  Dr.  Garnett's  paper  called  for  a 
little  bit  of  caution,  namely,  the  sugges- 
tion that  teachers  should  learn  trades. 
He  hoped  Dr.  Garnett  did  not  really 
mean  that  teachers  should  learn  trades 
because  he  thought  that  if  a  teacher  were 
set  to  learn  something  about  industrial 
things,  the  temptation  was  for  him  to 
begin  to  think  he  knew  all  about  the 
particular  trade  involved,  and  this  would 
be  mischievous.  He  would  like  to  close 
with  one  more  remark  on  the  subject  of 
industrial  research.  He  had  been  ap- 
proached during  the  last  two  or  three 
days,  and  had  agreed  to  allow  one  of  his 
staff  to  be  taken  away  from  Kun  to  found 
a  research  laboratory  in  a  works.  He  had 
been  lent  for  twelve  months  for  what  was 
essentially  industrial  research,  and  it  was 
hoped  that  he  would  come  back  again  to 
educational  work,  although  there  might 
be  some  doubt  about  that. 

Mr.  W.  R.  Cooper  (editor  of  the 
Electrician)  agreed  with  Prof.  Gregory 
that  it  was  necessary  to  cultivate  pure 


science  and  the  scientific  man  who  in- 
vestigates as  the  spirit  moves  him. 
With  regard  to  the  branch  of  research 
carried  out  by  manufacturing  firms,  some 
people  looked  upon  that  as  undesirable, 
and  thought  that  manufacturers  should 
not  keep  their  own  secrets.  He  could 
not  agree  with  that  point  of  view.  Manu- 
facturers were  bound  to  go  in  for  trade 
secrets,  particularly  in  chemical  work, 
because  if  a  process  was  patented  too 
much  might  be  disclosed ;  hence  the 
necessity  in  the  chemical  industry  for 
keeping  things  secret.  As  Mr.  Fleming 
had  remarked,  this  sort  of  work  required 
a  good  deal  of  money  to  carry  out,  and 
it  would  have  been  carried  out  in  this 
country  by  manufacturers  on  a  larger 
scale  in  the  past  if  they  had  had  more 
profit  than  was  the  case.  Profits  in 
many  cases  had  been  negligible,  and  it 
was  quite  impracticable  to  spend  5  per 
cent,  of  the  profits  when  there  were  not 
any  profits  to  distribute  as  dividends. 
The  third  class  of  research  was  industrial 
research  on  broad  lines  with  State  aid. 
This  was  a  class  of  work  which  could  not 
be  taken  up  by  either  the  pure  scientist 
or  the  manufacturer.  In  this  category 
could  be  mentioned  such  work  as  in- 
sulating materials  and  the  dissipation  of 
heat  in  rotating  machinery.  Dr.  Garnett 
had  mentioned  State  patents,  but  he 
must  confess  that  he  had  not  any  faith 
in  that  class  of  thing  at  all,  because  when 
it  came  to  licensing  more  than  one  in- 
dividual it  was  really  impracticable  from 
the  commercial  point  of  view.  Anyone 
who  had  a  licence  had  to  spend  money  to 
get  a  market,  and  if  the  market  was  to  be 
divided  up  between  two  or  three  people, 
A  would  not  spend  money  because  he 
thought  B  would  benefit  by  it  and  firm  C 
likewise.  He  agreed  with  industrial 
banks,  although  we  could  not  expect  our 
existing  banks  to  go  in  for  such  work. 
One  of  the  greatest  difficulties  in  launch- 
ing new  things  was  the  financial  one, 
and  if  the  company  promoter  could  be 
eliminated  it  would  be  a  great  advantage. 
At  the  same  time  the  British  manu- 
facturer should  have  a  little  more  go  in 
matters  of  this  kind.  Al  present  when 
the  manufacturer  saw  something  new, 
he  was  satisfied  with  the  fact  that  he  was 
earning  money  at  the  moment  on  some- 
thing  else,   and   he   therefore   neglected 
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the  new  product  which  would  not  bring 
him  in  money  for,  say,  two  or  three  years. 
He  allowed  a  few  years  to  go  by  with 
little  effort,  and  then  after  fourteen  years 
when  the  patent  expired  he  asked  for  a 
renewal.  There  must  be  more  industrial 
education,  and  it  must  be  on  the  right 
lines.  It  was  contrary  to  human  nature 
to  expect  youths  to  put  in  several  hours 
per  evening  at  schools  after  eight  or  nine 
hours  in  the  shop.  He  had  tried  it  him- 
self, and  he  was  sure  that  good  results 
could  not  be  expected  from  that  kind  of 
thing.  The  employer  must  look  at  it 
from  a  higher  standpoint.  With  regard 
to  the  press,  he  did  not  quite  know  what 
was  in  the  mind  of  the  meeting.  In  his 
opinion,  there  were  two  or  three  spheres 
for  the  press.  First  there  was  the 
question  of  education,  and  that  applied 
quite  as  much  to  the  lay  press  as  to  the 
technical  press.  If  we  did  not  get  the 
man  in  the  street  to  appreciate  science 
it  was  not  much  good.  Even  if  he  were 
made  to  beUeve  in  perpetual  motion  it 
would  be  better  than  nothing,  for  it  would 
raise  his  interest  in  science.  Without 
this  appreciation  we  should  never  get 
any  grants  from  the  Government,  for  in 
addition  to  there  being  ignorance  on  the 
})art  of  the  man  in  the  street,  there  was 
also  ignorance  on  the  part  of  peo])le  in 
(Tovernment  offices  who  ought  to  know 
better.  The  second  point  for  the  press 
was  to  give  ]niblicity,  and  for  that  pur- 
pose it  should  certainly  be  in  close  touch 
with  thp  Privy  Council  Committee  or  the 
other  Committee,  whichever  might  be 
best,  whilst  a  third  function  was  to 
criticise.  If  there  was  to  be  any  collective 
action  it  must  be  on  broad  lines.  It  was 
not  the  part  of  the  press  to  originate  any- 
thing in  the  way  of  research.  That  must 
be  left  to  technical  societies. 

The  Chairman,  in  closing  the  discussion, 
said  that  the  subject  was  obviously  one 
of  very  great  interest  to  the  Circle,  and 
he  hoped  that  several  meetings  would  be 
devoted  to  its  continued  discussion,  so 
that  the  various  points  raised  in  Dr. 
Garnett's  paper  and  the  remarks  made 
by  various  speakers  could  be  fully 
considered. 

He  would  now  call  upon  Mr.  Gilbert 
Wood  to  propose  a  resolution  expressing 
the  views  of  the  meeting. 


Mr.  Gilbert  Wood  said  the  resolution 
he  had  to  propose  was  in  three  sections, 
as  follows  : — 

(1)  That  this  Meeting  recognises  that 
Technical  Education  and  Industrial  Re- 
search are  of  great  benefit  to  the  manu- 
facturers of  the  country. 

(2)  That  the  Circle  of  Scientific, 
Technical  and  Trade  Journalists  is  pre- 
pared to  assist  the  promotion  of  unitg  of 
effort  on  the  part  of  the  various  associations 
and  committees  engaged  in  the  study  of 
this  subject. 

(3)  That  the  Scientific  and  Technical 
Press  be  used  as  a  medium  for  the  dis- 
semination of  information  of  value  to  the 
industries  of  the  country,  thus  bringing 
about  a  fuller  appreciation  of  the  value  of 
Technical  Education  and  Research. 

Mr.  J.  S.  Dow,  briefly  seconding  the 
resolution,  said  that  the  greatest  need  at 
the  moment  was  to  raise  the  standing  of 
scientific  work  in  the  public  mind — to 
educate  manufacturers  and  the  public  to 
believe  in  the  existing  scientific  and 
technical  organisations,  and  give  them 
fuller  support.  People  who  criticised 
our  institutions  and  colleges  of  this 
country  were  apt  to  forget  how  very  much 
greater  were  the  facilities  given  abroad. 
As  an  instance  Mr.  Dow  referred  to  the 
great  technical  schools  of  Germany  and 
the  marvellous  educational  organisation 
in  Switzerland,  a  little  country  with  a 
population  less  than  that  of  London,  but 
having  no  less  than  seven  important 
Universities.  Mr.  Dow  also  recalled  a 
Re2:)ort  by  Dr.  Gregory  in  the  Journal  of 
the  British  Science  Guild  last  year,  in 
which  figures  for  the  support  given  to 
applied  science  in  various  countries  were 
quoted.  There  was  one  Institution  in 
the  United  States  which  alone  received 
each  year  for  the  prosecution  of  scientific 
work  twice  as  much  as  the  total  official 
grant  for  scientific  work  of  all  kinds  in 
this  country. 

He  hoped  that  the  work  of  the  Circle 
would  have  a  useful  influence  in  pro- 
moting a  better  appreciation  of  the  value 
of  applied  science  ;  the  creation  of  this 
feeling  was  a  necessary  preliminary  to  any 
real  progress  towards  the  full  utilisation 
of  our  scientific  resources. 
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Dr.  Garnett,  briefly  replying  to  a  few 
of  the  points  in  the  discussion,  said  that 
our  present  Patent  Law  system  was  too 
much  regarded  by  patentees  merely  as  a 
means  of  granting  monopolies,  whereas 
the  true  purpose  of  the  Patent  Laws  was 
to  grant  such  protection  only  as  would 
make  it  possible  to  manufacture  the  new 
invention,  and,  that  was  the  point  he  had 
in  mind  when  speaking  of  this  matter. 
Dr.  Walmsley  had  stated  that  he  did  not 
want  secondary  school  teachers  to  be 
taught  a  trade.  He  (Dr.  Garnett)  en- 
tirely agreed,  but  would  like  to  send 
such  teachers  to  Dr.  Walmsley  for  a  year 
to  have  the  run  of  his  technical  classes 
and  work  in  his  laboratories,  because  he 
was  sure  the  result  would  be  to  the 
general  benefit  of  the  boys  with  whom 
those  teachers  had  to  deal.  Mr.  Pendrcd 
had  pulled  him  up  for  saying  that  the 
British  Association  was  the  only  body 
which  had.  been  successfully  organising 
research.  He  admitted,  that  he  ought 
to  Iiave  been  careful  to  explain  that  he 
did  not  mean  to  include  in  this  the  valuable 
work  done  in  organising  scientific  work 
since  the  war  broke  out.  At  the  begin- 
ning of  the  war  a  big  optical  firm  came  to 
one  of  the  London  schools  to  borrow  2  lb. 
of  barium  crown  glass  to  enable  them  to 
complete  an  Admiralty  contract,  but  not 
many  months  after  he  saw  a  60  lb.  lump 
of  beautifully  clear  barium  crown  glass 
which  had  Ijeen  mad<^  as  the  result  of  some 
of  the  combination  of  science  and  industry 
which  had  been  brought  about  during  the 
last  few  months.  Neither  did.  he  include 
in  his  remarks  such  work  as  that  done  by 
Sir  James  Dewar  or  any  other  individual 
worker.  He  referred  to  the  work  done  by 
such  Committees  as  the  British  Associa- 
tion Electrical  Standards  Committee 
which    on    occasion    had    rendered   most 


valuable  service  in  organising  comhined 
scientijic  research.  Prof.  Gregory  had 
distinguished  between  scientific  investi- 
gation and  industrial  research  and  he 
was  sorry  if  he  had  made  any  confusion 
himself  between  them  because  he  had  the 
clearest  definition  in  his  own  mind  between 
the  purposes  of  the  two,  though  in  practice 
they  frequently  overlapped.  It  was 
with  a  clear  view  towards  a  definite 
industrial  result  in  connection  with 
synthetic  mdigo  that  the  Germans  spent 
a  million  of  money  before  they  destroyed 
our  Lidian  indigo  industry.  What  was 
wanted  was  a  Council  to  advise,  organise 
and  aid  industrial  research,  so  that  we 
could  render  of  commercial  value  quickly 
all  scientific  discoveries.  There  had  been 
too  long  intervals  between  the  earliest 
scientific  discoveries  in  this  country  and 
their  practical  apphcation. 


Mi.  a.  p.  M.  Fleming  also  briefly 
rephed  to  the  discvxssion.  He  had  been 
much  struck  by  the  fact  that  in  many 
laboratories  in  the  United  States  men 
who  were  engaged  in  regular  industrial 
research  work  were  also  carrying  out 
investigations  in  pure  science.  Therefore, 
while  he  agreed  with  Prof.  Gregory  that 
there  was  a  distinction  between  the  two, 
both  forms  of  research  were  often  under- 
taken simultaneously  in  the  same 
laboratories. 

Another  point  was  the  collection  and 
dissemination      of      information.  In 

addition  to  the  Bulletins  of  the  Bureau  of 
Standards,  data  were  distributed  by  a 
number  of  University  experimental 
stations  throughout  the  United  States, 
and  the  publications  of  the  De])artment 
of  AgricuHure,  in  ])arti(ular.  furnished 
an  exc(  llent  examiile  of  work  of  this  kind. 


RESUMPTION    OF    DlSCL'SSWN    ON    MAY     m/i. 


The  discussion  was  resumed  at  a  meeting 
held  in  the  Hall  of  the  Institute  of 
Journalists,  at  5  ]).m.,  on  Tuesday, 
May  16th,  tlu;  Chair  being  again  taken 
by  Mr.  L.  Gaster,  who  delivered  an 
introductory  address,  summarising  events 
of  importance  in  relation  to  the  organisa- 
tion of  science  since  the  last  meeting  on 
March  11th. 


Mr.  Gaster  renuirkcd  tliii.t  thcic  wa.s  in 
tliis  country  a  growing  recognition  of 
the  value  of  a])plicd  science.  As  a  ])re- 
liminary  to  future  ])rogress  it  was,  how- 
ever, essential  to  educate  ])ul)lic  o})inion 
to  a])preciate  more  fully  the  benefits  of 
research  so  that  the  country  might  be 
prepared  for  the  labour  and  sacrifice 
which    scientific    organisation    demands. 
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The  scientific  press,  which  reaches  such 
a  variety  of  industries,  could  do  good  work 
in  this  direction,  and  also  by  promoting 
unity  of  efiort  on  the  part  of  those 
interested  in  the  organisation  of  science. 
These  two  aiin,s  were  expressed  in  the 
Eesolution  passed  at  the  last  meeting. 
But  in  order  to  carry  out  their  aims 
journalists  should  themselves  become 
students,  keep  themselves  informed  of 
the  latest  progress,  and  understand 
something  of  the  fundamental  principles 
of  education.  Dr.  Garnett  and  Mr. 
Fleming  had  placed  before  the  Circle  a 
very  comprehensive  survey  of  the  subject 
at  the  last  meeting  and  he  proposed  to 
give  a  short  sumnaary  of  various  pro- 
posals for  the  improvement  of  technical 
education  and  the  organisation  of  scientific 
research,  up  to  the  date  of  the  present 
meeting.  Public  interest  in  the  subject 
had  developed  mainly  about  the  middle 
of  the  last  year.  The  scheme  for  the 
Organisation  of  Industrial  and  Scientific 
Research,  under  the  Privy  Council  was 
announced  at  the  end  of  July,  1915, 
and  the  preliminary  arrangements  were 
doubtless  made  a  considerable  time  earlier. 
Those  who  were  inclined  to  criticise 
the  Government  for  the  neglect  of  science 
should,  therefore,  in  fairness  recognise 
that  although  much  remained  to  be  done 
they  had  taken  steps  at  quite  an  early 
stage  in  the  discussion. 

Among   events   of   importance   during 
1916  may  be  mentioned  : — 

The  Memorial,  signed  by  36  leading  men  of 
science,  advocating  fuller  representation  of 
science  in  the  service  of  the  State,  and  ulti- 
matelv  a  Ministry  of  Science,  Commerce  and 

Industry Feb.  27id,  1916. 

(This  Memorial  was  afterwards  endorsed  in  an 
Appeal  from  the  Imperial  College  of 
Science  ..  ..       Feb.  2Ut,  1916.) 

A  Paper  on  the  Organisation  of  Scientific  Re- 
search was  read  by  Professor  Fleming  before 
the  Royal  Society  of  Arts         Feb.  9th,  1916. 

The    last   Meeting   of   the   Circle   of   Scientific, 

Technical   and   Trade   Journalists,   at   which 

Dr.  Garnett's  paper  was  read,  took  place  on 

March  16th,   1916. 

A  meeting  attended  by  representatives  of  the 
chief  scientific  and  technical  societies  was 
called  by  the  Royal  Society  and  a  Resolution 
passed  empowering  the  committee  to  draft  a 
scheme  for  a  Conjoint  Board  of  Scientific 
Societies,  in  order  to  promote  the  co-operation 
of  those  interested  in  pure  and  applied  science, 
encouraging  the  application  of  science  to 
industry,    &c March  22nd,  1916. 


An  account  of  the  work  initiated  by  the  Advisory 
Council  of  the  Committee  of  the  Privy  Council 
on  Industrial  Research  was  made  public, 
mentioning  research  and  grants  allotted  for 
experiments  on  tests  of  hardness,  composition 
of  alloys,  laboratory  and  optical  glass,  methods 
of  extracting  tin  and  tungsten,  &c. 

March  2ith,  1916. 
A  further  paper  on  Engineering  and  Scientific 
Research  was  read  by  Prof.  J.  A.  Fleming 
before   the   Society   of   Engineers   on 

May  Isf,  1916. 
A  meeting  was  called  by  the  Neglect  of  Science 
Committee,  and  a  Resolution  passed  urging 
that  the  natural  sciences  should  form  an  inte- 
gral part  of  the  education  of  the  country', 
and  that  a  knowledge  of  them  should  be 
required  in  the  Civil  Service  and  b}'  candidates 
at  Sandhurst      .,  ..  May  3rd,  1916. 

A  further  statement  of  work  done  in  connection 
with  the  Advisory  Council  of  the  Committee  of 
the  Privy  Council  was  made  at  the  first  meeting 
of  the  Standing   Committee  on  Metallurgy', 
when  Sir  Robert  Hadfield  gave  an  addrsss 
advocating    the    extension    of    metallurgical 
research,   particularly  in  regard  to  the  pro- 
duction of  special  steels,  methods  of  hardening, 
the  application   of   jAoto-micrography,   high 
temperature  measurement,   &c.  3Iay  Sth,  1916. 
The    above    statement    by    no    means 
exhausts  the  number  of  proposals,  and 
the    broad    question    of   correlating    the 
investigations  being  made  independently 
by  many  societies,  colleges,  and  institu- 
tions throughout  the  country  requires  full 
discussion.* 

Mr.  Gaster  added  that  there  were 
present  several  gentlemen  who  had 
taken  a  great  interest  in  these  questions, 
and  they  hoped  to  hear  their  \dews  in 
the  course  of  the  discussion.  Among 
others.  Lord  Rayleigh,  Lord  Sydenham, 
Lord  Montagu  of  Beaulieu,  Sir  Phillip 
IMagnus,  and  Sir  Harry  Johnston  had 
written  expressing  regret  at  their  inability 
to  be  present.  A  letter  had  also  been 
received  from  the  Secretary  of  the  Royal 
Society,  explaining  that  the  proposals  for 
forming  a  Conjoint  Board  of  Scientific 
societies  are  in  embryo  at  present,  but 
approving  the  co-operation  of  the  scientific 
and  technical  press  in  regard  to  these 
matters. 

The  great  need  in  this  country  is  the 
co-ordination  of  separate  efiorts  and  the 
development  of  an  organisation  for  more 
effective  co-operation  between  scientific 

*  (On  the  day  following  this  meeting  (May  16th) 
the  Tenth  Annual  Report  of  the  British  Science 
Guild  was  issued.  The  Science  and  the  State 
Committee  of  the  Guild  is  stated  to  be  consider- 
ing the  question  of  obtaining  for  science  "  a  more 
generous  recognition  "  in  public  affairs,  and  a  Re- 
port on  the  matter  will  be  published  later. — Ed.) 
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and  technical  men.  With  a  view  to 
promoting  such  co-operation  it  was 
desirable  that  individual  proposals  should 
be  fully  discussed  in  the  press  at  an  early 
stage.  Moreover  such  co-operation  need 
not  be  limited  to  this  country.  It  is 
desirable  to  associate  the  efforts  of  workers 
in  other  parts  of  the  world.  One  of  the 
most  interesting  events  during  recent 
months  had  been  the  Conference  called  in 
Melbourne  to  consider  a  scheme  for  a 
Federal  Institute  of  Science  and  Indus- 
try. Mr.  Hughes,  the  Prime  Minister 
of  Australia,  had  kindly  consented  to  be 
present  at  the  meeting,  and  they  hoped 
to  hear  from  him  something  of  the 
important  scheme  proposed  by  the 
Australian  Government.  These  pro- 
posals had  for  their  object  the  organisa- 
tion   of   applied    science    and    industrial 


research  throughout  Australia,  and  in- 
cluded the  establishment  of  a  Bureau  of 
Information  for  the  interchange  of 
experience  between  manufacturers  and 
men  of  science.  The  progress  of  the 
scheme  would  be  watched  with  keen 
interest  in  this  country. 

In  conclusion  Mr.  Gaster  said  that  his 
object  in  making  these  remarks  had  been 
to  supplement  the  addresses  of  Dr.  Garnett 
and  Mr.  Fleming  at  the  former  meeting, 
by  a  synopsis  of  recent  events  in  part 
directed  towards  the  practical  realisation 
of  the  aims  set  forth  in  those  papers. 

He  had  much  pleasure  in  calling  upon 
Professor  R.  A.  Gregory  to  open  the 
discussion. 

Professor  Gregory  then  read  in 
abstract  the  following  communication  : — 


EDUCATION,    SCIENCE    AND    INDUSTRY. 

By  Professor  R.  A.  Gregory. 


Three  prime  jDoints  to  which  attention 
should  be  directed  may  be  distinguished 
in  Dr.  Garnett's  paper,  read  before  this 
Circle  at  the  meeting  on  March  14th  ; 
they  are  : — 

(1)  More  practical  studies,  and  less 
academic  instruction,  in  all  schools,  and 
an  increased  number  of  specialised 
technical  institutions,  as  well  as  of 
advanced  students  of  technology. 

(2)  Adequate  encouragement  of 
scientific  research  and  provision  for  its 
application  on  a  comniercial  scale. 

(3)  Co-operation  between  Trade  Asso- 
ciation and  the  Advisory  Council  on 
the  Development  of  Scientific  and 
Industrial  Research,  as  well  as  with 
the  laboratories  of  local  technical 
colleges  and  universities. 
Education,   science,  and  industry  arc 

respectively  represented  by  these  three 
points  ;  and  the  co-ordination  of  th(> 
efforts  of  them  all  is  required  in  order  to 
reach  the  common  end. 

The  need  for  more  scientific  teaching 
in  elementary  schools  was  stated  by  Mr. 
C.  W.  Crook  in  his  recent  address  as 
president  of  the  National  Union  of 
Teachers.  "  What  is  needed,"  he  said, 
"  is  the  scientific  s])irit,  which  should, 
and  must,  direct  the  teacliing  of  all 
subjects,  not  omitting  the  essentials  of 


formal  English,  so  that  our  children  may 
proceed  to  sound  judgments  by  accurate 
reasoning  upon  clearly  viewed  facts." 

As  regards  research,  it  may  be  divided 
conveniently  into  two  classes — one  in 
which  the  motive  is  solely  the  desire  to 
extend  the  boundaries  of  knowledge, 
while  in  the  other  the  special  purpose 
is  to  obtain  results  which  have  a  direct 
bearing  upon  })roblcms  of  manufacture 
and  construction.  Purely  scientific  in- 
vestigation has,  however,  led  to  some  of 
the  greatest  industrial  advances,  as,  for 
example,  the  development  of  electro- 
magnetic machinery  from  Faraday's  ex- 
periments, and  wireless  telegraphy  from 
the  work  of  Clerk  Maxwell  and  Hertz. 

Industrial  research,  that  is,  research 
from  the  point  of  view  of  commercial 
])rofit,  may  come  out  of  purely  scientific 
investigation  ;  and  belief  in  the  value  of 
each  is  necessary  for  national  advance. 
In  tlie  field  of  great  discoveries  in  science, 
Great  Britain  takes  a  leading  place  ;  but 
in  industrial  research  manufacturers  in 
the  United  States  and  Germany  are 
easily  ahead  of  us.  The  result  is  that 
opportunities  for  highly-trained  techno- 
logists are  more  favourable  there  than 
here.  It  has  been  estimated  recently  that 
for  each  1,000  chemists  in  Germany,  there 
are  only  21  in  England,  where  a  chemist 
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is  unlikely  to  receive  a  greater  salary 
than  that  of  an  intelligent  artisan  or 
clerk.  Largely  on  account  of  the  poor 
prospects  of  technically-trained  men  in 
the  British  Isles,  the  number  of  students 
of  advanced  science  and  technology  is 
far  less  than  in  Germany.  As  the  Report 
of  the  Board  of  Education  pointed  out 
last  year,  "  the  provision  for  full-time 
education  in  applied  science  is  regrettably 
small  in  bulk  compared  with  the  industrial 
development  of  the  country." 

Manufacturers  are  beginning  to  appre- 
ciate the  value  of  science  to  industry. 
At  the  last  meeting  of  the  Central 
Executive  Committee  of  the  Employers' 
Parliamentary  Association  a  resolution 
was  passed  urging  the  necessity  (1)  of 
increasing  the  number  of  chemists  trained 
in  research  work,  and  (2)  of  making 
special  efforts  to  enlist  the  co-operation  of 
manufacturers  who  hitherto  have  been 
lamentably  apathetic  in  regard  to 
scientific  industrial  research  and  training. 
The  first  of  these  results  can  be  attained 
by  increasing  the  position  and  prospects 
of  men  who  devote  themselves  to  the 
study  of  chemistry ;  and  the  way  to 
effect  the  second  is  to  see  that  everyone 
- — particularly  men  who  are  to  become 
masters  of  great  works  on  account  of 
family  relationship  or  influence — receives 
a  certain  amount  of  scientific  education. 
The  possibilities  of  science  can  only  be 
appreciated  by  people  who  have  had 
instruction  in  scientific  subjects  ;  and 
the  lack  of  such  instruction  in  the  courses 
mostly  followed  in  the  public  schools 
and  the  ancient  universities  is  our  chief 
defect  in  the  training  of  capitalists,  manu- 
facturers, and  legislators. 

By  organisation,  by  co-operation  among 
our  manufacturers,  and  by  education  in 
science  of  directors  as  well  as  artisans, 
industrial  advance  can  be  secured.  At 
present,  science,  industry  and  education 
are  working  in  separate  fields,  whereas 
their  efforts  should  be  combined.  The 
Royal  Society,  with  a  number  of  other 
scientific  societies,  has  estabhshed  a 
Conjoint  Board  for  the  purpose  of  organ- 
ising scientific  effort  in  this  country  ;  and 
similar  organisations  of  technical  experts 
have  been  brought  together  by  engineering 
societies.  The  British  Association  is 
obtaining  from  each  of  its  sections  views 
as  to  the  assistance  which  they  may  afford 


to  national  development.  Sir  Ray  Lan- 
kester  has  obtained  a  distinguished  body 
of  opinion  in  favour  of  a  change  in  the 
position  of  science  at  the  public  schools, 
at  Oxford  and  Cambridge,  and  in  the 
examinations  for  the  public  services ; 
and  the  Re-organisation  Committee,  of 
which  he  is  chairman,  is  limiting  itself 
to  this  field.  An  Education  Reform 
council  has  been  formed  to  deal  with  all 
branches  of  education  in  relation  to 
modern  needs  ;  and  various  commercial 
and  industrial  bodies  have  passed  resolu- 
tions relating  to  education  and  science  as 
essential  factors  of  progressive  industry. 

What  seems  to  be  particularly  needed 
is  a  combination  of  the  forces  of  education, 
science,  manufacture,  and  commerce, 
instead  of  the  separate  representation  of 
these  interests.  The  British  Science  Guild 
exists  for  this  purjjose  ;  and  it  has  upon 
its  committees  and  among  its  members 
leading  representatives  of  all  these 
interests.  Membership  is  open  to  every 
British  subject ;  and  all  who  believe 
in  "  the  necessity  of  applying  scientific 
treatment  to  affairs  of  all  kinds  "  should 
strengthen  the  influence  of  the  Guild  by 
joining.  When  opinion  is  united  as  to 
national  needs,  it  will  be  possible  to 
secure  the  reforms  now  virged  separately 
by  education,  science,  and  industry. 

The  Advisory  Council  may  do  much  to 
promote  this  combination ;  but  its  con- 
stitution and  functions  should  be  greatly 
widened  if  they  are  to  embrace  the  whole 
of  the  British  manufactures,  except 
rural  industries,  which  are  provided  for 
by  the  Development  Commission.  It 
should  eventually  become  a  Board  of 
Science  and  Industry,  such  as  has  been 
established  by  the  Commonwealth  of 
Australia,  and,  be  directed  by  men  of 
high  business  capacity  and  scientific 
knowledge.  Such  a  Board  would  serve 
as  a  scientific  intelligence  department,  and 
would,  among  other  matters,  promote  the 
co-ordination  of  industrial  effort,  secure 
connection  between  manufacturers  and 
the  laboratories  of  universities  and 
colleges,  and  distribute  information  of  a 
scientific  and  technical  character.  It 
would,  in  fact,  perform  most  of  the  func- 
tions of  the  Ministry  of  Commerce, 
recommended  by  the  Sub-Conimittees  of 
the  Board  of  Trade  in  its  recent  report 
on  British  trade  after  the  war. 
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Sir  John  Cockburn  said  that  the 
enormous  strides  which  Germany  had 
made  in  science  and  industry  rested  for 
the  most  part  upon  ideas  which  had  been 
initiated  in  this  country,  while  it  was  a 
further  fact  that  for  years  past  Great 
Britain  had,  so  far  as  industry  was  con- 
cerned, been  gradually  faUing  into  the 
hands  of  Germany.  It  was  indeed  by  the 
exploitation  of  our  trade  that  Germany 
had  acquired  the  wealth  which  tempted 
her  to  provoke  the  war.  Consecjuently 
unless  we  took  steps  to  put  the  application 
of  science  and  industry  on  a  sounder 
footing  we  should  find  after  the  war  this 
process  still  cor.tinuing  and  the  Empire 
placed  in  still  greater  jeopardy  by  the 
coming  industrial  war  than  by  the  present 
terrible  conflict. 

He  fully  agreed  with  the  great  import- 
ance of  making  instruction  not  only  in 
elementary  schools  and  secondary  schools, 
but  in  the  technical  schools  themselves 
more  practical.  Thirty  years  ago  in 
Australia  he  studied  this  matter  and  found 
excellent  results  followed  from  changing 
applied  mechanics  from  a  classroom 
subject  to  a  workshop  subject. 

He  wished  to  emphasise  one  point  and 
that  was  that  many  drawbacks  from  which 
our  industries  suffered  were  not  due  to 
any  inferiority  in  our  technical  schools 
because  they  were  equal  if  not  superior 
to  anything  in  Germany  ;  but  the  one 
great  advantage  that  the  German  tech- 
nical schools  had  was  that  when  the 
students  had  completed  their  course 
they  had  a  career  open  to  them,  whereas 
in  this  country  they  found  themselves  in  a 
blind  alley.  It  was  no  use  training 
students  technically  unless  there  was 
scope  for  them,  afterwards  to  utiliss 
their  accomplishments.  One  might  as 
well  attempt  to  teach  swimming  without 
water  in  which  to  exercise  the  art,  and 
although  we  might  possess  technical 
schools  of  a  magnitude  and  excellence 
unsurpassed  by  the  world  our  efforts 
would  be  for  ever  vain  unless  steps  were 
taken  to  render  those  great  scientific 
industries  which  this  country  had  lost 
safe  from  foreign  control  and  usurjjation 
in  the  future. 

The  manner  in  which  the  dye  industry 
was  lost  to  this  country  was  an  instance 
of  the  gr(\'itest  neglect  and  want  of  fore- 
sight on  the  part  of  the   authorities.      It 


was  much  to  the  credit  of  the  Technical 
Circle  that  they  should  have  taken  this 
matter  up  and  he  hoped  that  the  result 
would  be  a  correction  of  the  faults  of 
the  past  generation  which  had  prevented 
students  from  reaping  the  just  reward 
of  their  labour  in  after  life. 

Mr.  Gerald  Lightpoot,  Advisor  to  the 
Ministry  of  Australia,  first  apologised  for 
the  absence  of  Mr.  Hughes,  who  had  been 
prevented  from  attending  the  meeting, 
the  more  particularly  as  this  subject  was 
one  in  which  Mr.  Hughes  had  himself 
taken  the  initiative. 

A  conference  had  been  convened  in 
Australia  by  the  Government,  comprising 
not  only  the  leading  scientists,  but  also 
the  rejiresentatives  of  industries  with  a 
view  to  formulating  some  scheme  for  the 
promotion  of  scientific  research  and  the 
application  of  science  to  industry.  That 
conference  took  place  in  January  last 
before  Mr.  Hughes  left  Austraba  for 
England,  and  a  committee  was  appointed 
with  a  view  to  formulating  the  general 
outlines  for  a  scheme  for  the  consideration 
of  the  Government.  A  Report  was  pre- 
sented by  the  Committee,  but  the  scheme 
had  not  yet  been  adopted  by  the  Govern- 
ment, because  Mr.  Hughes  desired  to 
obtain  information  as  to  what  was  being 
done  in  Am,erica  and  England  before  the 
Government  came  to  a  decision.  Never- 
theless, matters  had  already  been  put  in 
train  in  Australia,  and  an  assessment  was 
being  made  by  a  provisional  committee  of 
the  existing  personnel  and  material  with 
regard  to  scientific  work  in  order  to  co- 
ordinate the  existing  facilities  and  to  set 
on  foot  some  investigations  in  relation  to 
our  most  pressing  industrial  problems. 

Briefly  outlinetl,  the  Australian  scheme 
proposed  to  establish  a  Federal  Institute 
of  Science  and  Industry.  The  organisa- 
tion would  consist  of  an  Advisory  Council 
of  nine  members  with  an  executive 
directorate  of  three  members.  One  of 
these  three,  the  Chairman,  would  be 
selected  not  necessarily  because  he  was  a 
scientist,  but  because  he  was  a  man  who, 
in  the  course  of  his  ex])erience,  had 
acquired  an  appreciation  of  the  applica- 
tion of  science  and  industry,  a  man  of  wide 
ability  and  experience.  The  other  two 
members  would  be  select(  d  mainly  on 
account  of  their  scientific  qualifications, 
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and  also  on  account  of  wide  experience. 
These  three  m,enQ,bers  would  confer  with 
the  Advisory  Council,  but  they  would  not 
necessarily  take  the  advice  of  the  Advisory 
Council,  because  the  whole  responsibility 
of  the  executive  administration  would  be 
cast  upon  the  executive  directorate  of 
three.  The  directors  would  be  free  from 
political  control,  and  the  members  would 
be  appointed  for  a  period  of  about  seven 
years  :  the  members  would  practically  be 
on  the  same  status  as  the  judges  of  the 
High  Court  of  Australia,  being  paid 
salaries  of  between  £2,000  and  £2,500  per 
annum.  These  would  be  removable  only 
by  resolution  passed  by  both  Houses  of 
Parliarnent. 

The  scope  of  the  Institute  would  be  not 
only  to  deal  with  the  secondary  industries, 
but  also  with  the  primary  industries,  in- 
cluding agriculture,  the  pastoral  and 
horticultural  industries,  as  well  as  mining 
and  metallurgy.  One  of  the  m,ost  im- 
portant functions  of  the  directors  would 
be  to  go  about  the  country  and  inform 
themselves  eicher  by  technical  evidence  or 
with  the  co-operation  of  sub-committees 
of  technical  and  scientific  societies  as  to 
what  problems  should  be  taken  up  for 
investigation.  It  would  be  their  duty  to 
allocate  the  work  of  investigation  to 
existing  institutions,  such  as  the  uni- 
versities and  other  laboratories.  Then 
the  Federal  Government  would  furnish 
liberal  grants  to  enable  the  work  to  be 
carried  out.  In  this  way  it  is  hoped  to 
stimulate  and  co-ordinate  scientific  work 
in  the  Universities. 

The  second  rnain  function  of  the 
directorate  will  be  to  establish  a  bureau 
of  information,  the  duties  of  which  will 
be  not  merely  to  disseminate  information, 
but  to  collect  it  also  for  the  benefit  of  the 
manufacturers  and  industry  generally. 
A  vast  aruount  of  information  is  available, 
and  there  is  no  reason  why  it  should  not 
be  made  available  with  the  result  that 
productions  would  be  increased  enor- 
mously. 

Thirdly,  in  the  course  of  carrying  out 
this  work,  it  is  considered  that  the 
directors  will  no  doubt  come  to  the  con- 
clusion that  certain  important  investiga- 
tions of  a  fundamental  character  should 
be  carried  out,  and  it  would  be  their  duty 
to  recommend  the  establishment  of 
federal    institutions,     which     would     be 


liberally  endowed  by  the  Commonwealth 
Government.  It  was  somewhat  early  at 
present  to  indicate  what  the  nature  of 
these  institutions  would  be,  but  it  was 
thought  that  there  would  be  at  least  a 
national  physical  laboratory  and  national 
chemical  laboratory.  The  opinion  was 
that  the  field  should  be  divided  into 
physics,  chemistry,  and  engineering,  and 
each  of  these  would  have  to  be  considered 
and  dealt  with  separately.  Very  fine 
laboratories  had  already  been  established 
and  equipped  at  the  Universities.  Some 
sort  of  agricultural  organisation  would 
have  to  be  established  perhaps  somewhat 
on  the  lines  of  that  at  present  at  work  in 
Anierica,  which  appeared  to  be  exceed- 
ingly efficient.  The  Government  would 
co-operate  with  the  existing  institutions 
such  as  the  Universities,  and  every 
endeavour  would  be  to  promote  co- 
operation, not  only  between  the  learned 
and  scientific  societies,  but  also  between 
the  employers'  associations. 

Mr.  Lightfoot  attached  much  import- 
ance to  the  establishment  of  a  scheme 
on  an  Imperial  basis.  Inquiries  he  had 
made  in  England  led  him  to  believe  that 
the  first  step  that  must  be  taken  before 
the  Imperial  co-operation  could  come 
into  effect  was  the  organisation  of  some 
central  authority  in  England.  This  was 
essential  before  any  steps  could  be  taken 
to  promote  any  organisation  on  an  Im- 
perial basis,  and  if  this  were  done  there 
were  institutions  in  England  which  were 
most  admirably  equipped  for  certain 
classes  of  investigation.  If  some  scheme 
of  co-operation  were  established  many 
problems  of  a  pressing  nature  might  be 
solved,  to  the  mutual  advantage  of 
England  and  the  Dominions.  He  had  in 
mind  the  Metallurgical  Department  of 
the  Sheffield  University  and  the  Textile 
Department  of  the  Leeds  University. 
An  Imperial  scheme  should  provide  for  a 
central  clearing  house  from  which  all  the 
information  available  would  be  dis- 
tributed, a  scheme  of  this  nature  should 
lead  to  great  efficiency  and  to  the  elimina- 
tion of  waste  of  money,  and  duplication 
of  effort. 

At  this  point  the  Chairman,  after 
thanking  Mr.  Lightfoot  for  his  remarks, 
read  a  telephone  message  just  received 
from  Mr.  Hughes's  secretary  to  the  effect 
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that  Mr.  Hughes  greatly  regretted  his 
unavoidable  absence,  but  had  been  called 
away    on    important    national    duties. 

The  Et.  Hon.  Arthur  Dyke  Acland 
said  the  great  difficulty  in  this  matter 
was  to  make  public  opinion  understand 
that  education  is  really  an  asset  of  national 
welfare  and  prosperity,  but  he  believed 
the  time  was  coming  when  the  public 
would  be  convinced  that  this  was  a  matter 
which  deserved  the  attention  of  the  whole 
State,  and  particularly  Parliament.  He 
recom,m,ended  the  Circle  from  this  point 
of  view  to  concentrate  upon  certain 
definite  recommendations  which  should 
ultimately  be  brought  before  Parhament, 
because  if  the  House  of  Commons  could 
be  convinced  a  very  great  public  service 
indeed  would  have  been  rendered. 

He  recalled  the  efforts  which  had  been 
made  by  a  small  band  of  people  during 
the  last  thirty  years  to  bring  about  an 
improvement  in  the  secondary  education 
of  the  country.  He  said  it  was  interest- 
ing to  remember  as  an  illustration  of  our 
haphazard  ways  that  the  first  important 
sum  allotted  by  Parliament  to  technical 
education  often  called  the  whisky  money, 
about  three-quarters  of  a  million  a  year 
had  beenintended  as  compensation  money 
for  the  brewers  and  distillers.  As  regards 
the  advisory  Committee  to  the  Privy 
Council  on  Industrial  Research,  he  knew 
that  the  Committee  would  be  largely  left 
a  free  hand,  and  that  the  Privy  Council 
Committee  itself  would  desire  not  to 
interfere. 

The  great  thing  that  was  wanted  was 
more  money  if  the  work  was  to  be 
successfully  done,  and  if  leaders  of  in- 
dustry would  really  believe  that  science 
was  going  to  help  them  a  very  great  deal 
more  money  should  be  available  than  the 
£40,000  at  present  voted  to  the  Privy 
Council  Committee.  He  was  not  in 
favour  of  the  appointment  of  a  Royal 
Commission  to  deal  with  these  problems, 
because  it  was  necessary  to  move  in  a 
much  greater  hurry  than  a  Royal  Com- 
mission usually  permitted. 

After  paying  a  tribute  to  the  mag- 
nificent equipnxent  of  the  Imperial  College 
of  Science,  Mr.  Acland  urged  the  necessity 
for  providing  greater  facilities  by  way  of 
scholarshi})s  for  boys  in  the  elementary 


and  secondary  schools,  many  of  whom, 
he  said,  had  greater  intellectual  abilities 
than  others  more  fortunate  in  their  social 
station  in  life.  On  this  other  question 
of  class  education  he  urged  that  Oxford 
and  Cambridge  should  not  be  allowed  to 
bar  the  way  with  their  compulsory 
Greek,  and  he  wished  the  Circle  could 
persuade  Parliament  to  take  these  things 
up  and  not  be  afraid  of  Oxford  and 
Cambridge  in  this  matter.  The  best  men 
at  these  Universities  had  longed  for 
reform  for  generations,  and  Parhament 
should  be  asked  to  legislate  to  remove 
some  of  these  obstructions.  Hitherto 
we  had  been  too  much  afraid  of  the  vested 
interests.  Full  efficiency  in  Government 
would  never  come  until  those  in  the  Civil 
Service,  the  House  of  Commons,  and 
even  Ministers  themselves  were  men  who 
appreciated  the  value  of  a  scientifically 
trained  mind. 

Teachers  in  secondary  and  technical 
schools  also  were  badly  underpaid,  and  a 
million  a  year  could  be  spent  usefully  in 
improving  the  salaries  of  these  teachers, 
and  in  giving  the  boys  of  sixteen  and  up- 
wards a  very  much  larger  supply  of 
Government  bursaries  and  scholarships. 
Germany  gave  State  grants  to  her 
University  of  about  a  milHon  a  year, 
whereas  our  grants  to  the  Universities 
amounted  to  only  £300,000. 

Mr.  A.  J.  MuNDELLA,  as  Chairman  of  the 
London  District  of  the  Institute  of 
Journalists,  congratulated  the  Circle  on 
the  excellent  work  it  was  doing.  A 
point  in  Mr.  Acland's  speech  which 
a])peakd  to  him  was  the  need  for  more 
scholarships  for  the  boys  in  lower  class 
schools,  and  he  hoj)ed  that  in  the  propa- 
ganda for  the  extension  of  scientific 
education  special  consideration  would  be 
given  to  them.  At  present  92"  ^,  of  our 
children  went  through  the  public  elemen- 
tary schools  and  surely  it  could  not  be 
said  that  the  scientific  intellect  would  be 
found  only  in  the  others.  He  contended 
that  in  the  children  of  what  was  called 
"  the  elementary  school  class "  tliere 
was  material  for  scientific  training  which 
would  give  as  good  results  as  were 
obtained  from  tlie  education  of  the  5*)o 
whose  social  position  enablid  them  to  go 
to  other  institutions. 
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]\Ir.  A.  A.  Campbell  Swixtox,  repre- 
senting the  British  Science  Guild  {com- 
municated) : — For  the  reason,  as  I  sup- 
pose, that  historians  are  usually  not 
scientific  men,  histories  in  most  cases 
give  a  very  misleading  account  of  the 
chief  factors  that  have  influenced  the 
progress  of  the  world.  True,  if  we  go 
back  far  enough,  and  survey  the  little 
we  know  of  history  in  the  time  of  pie- 
historic  man,  we  realise  that,  so  far  as 
those  very  distant  epochs  are  concerned, 
the  predominant  influence  of  sucli  science 
as  then  existed,  is  recognised  by  the  fact 
that  we  talk  of  the  Stone  Age,  of  the 
Bronze  Age,  and  of  the  Iron  Age,  to 
denote  those  vast  periods  during  which 
the  primitive  inventor  was  discovering 
the  means  of  applying  new  and  improved 
materials  to  what  was  then  the  great 
necessity  of  man,  namely,  weapons  for 
the  chase  and  for  defence  and  offence 
against  his  enemies. 

Coming,  however,  to  more  modern 
times  and  surveying  the  forces  which 
have  directed  the  civilisation  of  the 
world,  say,  during  the  last  thousand 
years,  we  find  that,  though  during  this 
period  there  have  been  sanguinary  wars, 
great  political  upheavals  and  vast  revolu- 
tions, and  at  the  same  time  there  have 
lived  great  kings,  successful  generals, 
and  far-seeing  statesmen,  all  of  whose 
doings  you  will  find  fully  described  with 
an  enormous  amount  of  detail  in  hundreds 
of  histories  ;  still,  if  you  wish  to  know 
what  are  the  three  things  that  in  the 
course  of  the  last  millennium  have  had 
paramount  influence  on  the  history  of 
the  civilised  world,  and  have  had  most 
effect  in  producing  the  material  con- 
ditions under  which  we  live  at  the  present 
time,  they  are  not  the  work  of  rulers  or 
leaders  at  all.  On  the  contrary,  they  are 
scientific  inventions,  namely,  the  invention 
of  gunpowder,  the  invention  of  j^rinting, 
and  the  invention  of  the  steam  engine. 

The  first  of  these,  the  invention  of  gun- 
powder, entirely  changed  all  the  con- 
ditions of  warfare :  it  did  away  for 
ever  with  the  knight  in  armour,  and 
with  him  the  feudal  system,  and  pre- 
cluded for  all  times  the  recurrence  of 
what  occurred  when  Roman  civilisation 
was  overcome  by  the  barbarians. 

Then  again,  the  invention  of  ])rinting 
was  the  soul  of  tlie  Eenaissance,  and  of 


the  revival  of  learning  ;  while  who  can 
exaggerate  its  eft'ects  on  the  diffusion  of 
every  description  of  knowledge  ? 

Finally,  in  the  steam  engine,  with  the 
resulting  railway  and  steamship — none  of 
which  would  probably  have  yet  seen  the 
light  had  it  not  been  for  the  impetus 
that  was  given  to  every  kind  of  endeavour 
by  printing— we  have  an  invention  to 
which  we  owe  all  the  major  differences 
between  the  lives  which  civilised  men 
live  to-day,  and  those  they  lived  a 
century  ago. 

There  are  also  more  modern  inventions, 
such  as  the  telegraph  and  the  telephone, 
which  to-day  have  an  enormous  influence 
upon  the  conditions  of  our  existence, 
while  still  more  recent  are  wireless 
telegraphy,  and  aviation,  the  possible 
develoj)ments  of  which  are  beyond  what 
we  are  at  present  able  to  estimate. 

What,  however,  I  wish  to  emphasise  is 
this  :  it  is  not  the  ruler,  it  is  not  the 
statesman,  or  politician,  it  is  not  the 
great  soldier  or  sailor,  nor  is  it  all  these 
in  combination,  who  really  direct  the 
course  of  civilisation.  In  the  case  of 
these  leaders  of  men  most  of  what  is 
accomplished  by  one  man  is  sooner  or 
later  rendered  nugatory  by  another, 
while  much  more  potent  in  the  long  run 
than  anything  that  they  can  do,  is  the 
work  of  scientific  discoverers  and  inven- 
tors. These  latter  work  for  the  advan- 
tage, not  of  one  nation  against  another, 
but  for  the  benefit  of  all  mankind. 
Moreover,  the  results  that  they  effect, 
are  cumulative,  and  so  far  as  they  are 
iiot  limited  by  the  duration  of  human 
existence,  they  are  everlasting.  It  is 
for  reasons  such  as  these  that  there  is 
to-day  a  feeling  abroad  that  more  science 
should  be  taught  in  our  schools  and 
universities,  and  that  scientific  research 
and  invention  should  be  further  stinm- 
lated  in  connection  with  all  our  industries. 

Dr.  Garnett,  replying  briefly  to  the 
discussion,  first  moved  the  following 
Resolution  : — 

That  this  meeting  icrges  upon  the  various 
Associations,  Institutions  and  Committees 
engaged  in  the  consideration  of  Technical 
Education  and  Industrial  Research  the 
necessity  for  co-operating  in  order  to  present 
a  National  Scheme  for  the  consideration 
of  the   (hvernment. 
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That  in  any  measures  taJcen  for  the  fre- 
paration  and  execution  of  such  a  National 
Scheme  the  co-operation  of  the  Scientific 
and  Technical  Press  should  be  secured. 

That  this  meeting  is  of  opinion  that 
the  Press  should  use  its  influence  to  en- 
courage the  teaching  of  Science  in  Schools 
and  Colleges  of  all  grades,  and  to  determine 
the  proper  position  of  Science  in  Civil 
Service  and  other  examinations,  especially 
with  reference  to  the  influence  of  these 
examinations  upon  Education. 

That  in  the  meantime  it  is  desirable  that 
all  possible  support  should  be  given  by  the 
Press  and  the  Public  to  the  ivork  of  the 
Advisory  Council  to  the  Committee  of  the 
Privy  Council  for  the  organisation  and 
Development  of  Scientific  and  Industrial 
Research,  and  that  Industrial  Associations 
should  report  to  the  Advisory  Council 
on  the  facilities  required  for  the  conduct 
of  Research  in  connection  with  their  par- 
ticular industries. 

Nearly  everything  that  had  been  said 
in  the  discussion  was  in  accordance  with 
the  views  he  had  attempted  to  express, 
and  consequently  he  had  little  to  answer. 
There  seemed  to  be  a  concensus  of  opinion 
that  in  this  country  we  are  quite  ahead 
of  the  world  with  regard  to  purely  scientific 
research  from  which  great  industrial 
developments  immediately  come,  but 
a  long  way  behind  Germany  and  the 
United  States  in  connection  with  that  form 
of  industrial  lesearch  which  takes  up  a 
discovery  and  adapts  it  to  the  require- 
ments of  industry  and  commerce.  It  was 
in  this  latter  connection  that  considerable 
help  was  necessary  from  the  Advisory 
Council  for  Kesearch.  With  regard  to 
the  criticisms  that  had  been  made  of  this 
body  it  should  be  remembered  that  both 
the  Board  of  Education  and  the  Board  of 
Trade    started  as  a   Committee  of    the 


Privy  Council.  This  seemed  to  be  our  way 
of  doing  things,  and  when  the  Committee 
had  earned  its  footing  the  authorities 
allowed  it  to  develop  into  a  department 
of  the  State  under  a  special  Minister.  He 
was  not  at  all  sure  that  we  did  not  obtain 
advantages  in  that  way  in  the  early 
stages  because  such  a  body  was  less  under 
political  control  than  if  it  were  under  the 
direction  of  a  Minister  responsible  to 
Parliament.  Scientific  Societies,  and 
more  especially  trade  associations  should 
utilise  to  the  utmost  the  opportunities 
which  were  afforded  by  the  Advisory 
Council,  at  any  late  until  we  got  something 
better,  if  ever  we  did. 

A  great  deal  had  been  heard  about 
reform  in  regard  to  science  subjects  in 
Civil  Service  and  other  examinations,  and 
the  reform  of  these  public  examinations 
was  most  important  on  account  of  the 
enormous  influence  which  they  exerted  on 
the  educational  curricula  of  our  schools. 
At  the  same  time  we  must  clear  up  our 
ideas  as  to  what  was  meant  by  the 
position  of  science  in  Civil  Service  examin- 
ations. Those  going  in  for  high  positions 
in  the  Civil  Service  should  not  only  have 
a  general  knowledge  of  English  literature 
and  some  modern  languages  but  a  general 
knowledge  of  science,  the  special  subjects 
in  any  particular  examination  being 
adapted  to  the  work  for  which  the  mdi- 
vidual  was  intended,  as  for  instance  the 
telegraph  and  engineering  departments 
of  the  Post  Office,  and  so  on.  Thus  while 
all  Civil  Servants  would  have  a  general 
knowledge  and  appreciation  of  science, 
the  competition  for  the  scientific  appoint- 
ments in  the  Civil  Service  would  be 
in  science  and  the  allied  subjects,  and  no 
question  would  ever  arise  as  to  the  relative 
credit  to  be  given  to  chemistry  and  Greek. 

Mr.  H.  J.  P.  Benn  seconded  the  resolu- 
tion proposed  by  Dr.  Garnett,  and  the 
resolution  was  put  to  the  Meeting  and 
carried  unanimously. 

The  proceedings  terminated  with  a 
vote  of  thanks  to  the  Chairman. 
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VISIT  TO  THE  IMPERIAL  COLLEGE 
OF    SCIENCE. 

Following  the  discussion  summarised  in 
the  preceding  pages,  members  of  the 
Circle  and  friends  paid  a  visit  to  the 
Imperial  College  of  Science  (South  Ken- 
sington) on  May  31st,  at  the  invitation 
of  the  Kt.  Hon.  Arthur  Dyke  Acland, 
Chairman  of  the  Executive  Committee. 
The  party  was  received  and  addressed 
by  Mr.  Acland  and  the  Professors, 
several  of  whom  gave  interesting  par- 
ticulars of  research  woik  carried  out 
since  the  outbreak  of  war.  Professor 
Baker,  in  the  chemical  department, 
referred  to  several  particularly  important 
investigations  which,  although  carried 
out  originally  in  the  laboratory  on  quite 
a  small  scale,  had  been  conducted  with  a 
view  to  their  subsequent  application 
under  practical  conditions,  and  had  led 
to  most  important  developments. 

Mr.  Acland  drew  attention  to  a 
Memorandum  which  had  just  been  pre- 
pared and  signed  by  the  staff  of  the 
College  and  addressed  to  Lord  Crewe 
(the  Chairman  of  the  Governors).  The 
Memorandum  emphasises  the  vital  im- 
portance of  securing  a  fuller  recognition 
of  science  in  education,  and  the  urgent 
need  for  additional  support  for  the 
development  of  research,  particularly  in 
the  matter  of  founding  bursaries  for 
gifted  youths  of  16 — 18  years  of  age, 
from  whom  scientific  workers  should  be 
recruited.  It  is  pointed  out  that  while 
in  Germany  the  State  issues  grants  to 
universities  of  the  value  of  about  one 
and  a  half  million  each  year,  in  this 
country  the  corresponding  amount  is  less 
than  a  quarter  of  a  million. 

The  visitors  were  then  conducted  over 
the  laboratories  and  workshops  of  the 
College,  which  now  extend  over  a  con- 
siderable area.  Great  interest  was  ex- 
pressed in  the  well-equipped  chemical 
laboratories,  the  electrical  and  mechanical 


engineering  departments  (City  and  Guilds 
section)  and  the  working  examples  of 
mineral-separation  plants  and  other  metal- 
lurgical operations.  A  visit  was  also 
paid  to  the  research  laboratory  on  com- 
bustion, where  Prof.  Bone  gave  a  short 
account  of  the  investigations  being  made 
on  fire-clay  and  other  matters.  To  many 
of  the  visitors  it  came  as  a  revelation  to 
find  what  a  variety  of  work  was  already 
carried  on  and  how  great  were  the 
future  possibilities  of  the  College. 

Subsequently  the  party  was  enter- 
tained to  tea  by  Mi.  Acland  and  the 
Professors.  A  vote  of  thanks  to  the 
hosts  was  proposed  by  Mr.  Gaster 
(Chairman)  and  seconded  by  Mi.  Gilbert 
Wood.  Mr.  Acland  expressed  the  hope 
that  the  visit  would  be  helpful  in  pro- 
moting closer  co-operation  between  the 
press  and  men  of  science,  and  in  fostering 
an  interest  in  the  Imperial  College  of 
Science  as  a  great  national  institution, 
in  which  they  might  all  take  a  legitimate 
pride.  He  also  extended  an  invitation, 
which  was  endorsed  by  the  Professors,  to 
members  who  wish  to  receive  fuller 
information  on  the  work  of  particular 
departments,  to  make  arrangements  for 
a  further  visit  with  the  Professor  in 
charge,  who  would  be  only  too  glad  to 
offer  every  facility. 


INDUSTRY,     EDUCATION    AND 
RESEARCH. 

The  attention  of  members  of  the  Circle 
may  be  drawn  to  an  important  paper 
on  the  above  subject,  read  by  Di.  W. 
Garnett  at  the  Annual  Spring  Meeting 
of  the  Textile  Institute  on  May  5th. 
The  paper  discusses  many  of  the  subjects 
referred  to  in  the  recent  meetings  of  the 
Circle,  and  forms  a  useful  supplement  to 
the  addres.s  delivered  by  Dr.  Garnett 
before  the  Circle  on  March  14th. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

-«•  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


HOLOPHANE   ILLUMINATION  ON   THE 
RAILWAY. 


P 
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Fig.  1. — Illumination  of  the  New  liookinj^ 
Hall  at  Euston  Station  with  Uolophane 
reflector  bowls. 


Fig.  2.— First  Class  Dinini;  Coach,  Great 
Central  Kailway,  lighted  witli  special  Holo- 
phanc  glass  units  and  "  half-watt  "  lamps. 


Tlie  liglitiiig  problems  met  witii  in 
railway  work  are  distinctly  varied,  and 
we  understand  that  Holophane  units  have 
recently  been  adopted  by  the  chief 
railway  companies  for  quite  a  number 
of  different  purposes.  Apart  from  the 
utility  of  the  standard  types  for  lighting 
offices,    booking    halls,    waiting    rooms. 


&c.,  there  ai-e  considerable  opjjort unities 
for  special  contrivances  in  railway  car- 
riage lighting,  where  the  methods  of 
companies  differ  to  a  somewhat  sur- 
prising degree. 

Fig.  1  shows  the  lighting  of  the  new 
booking  hall  at  Euston  station.  The 
centre  line  of  units  consists  of  200  watt 
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lamps  in  16  in.  reflector  bowls,  while 
for  the  side  lines  14  in.  units  with  100 
watt  lamps  are  used.  The  fittings,  with 
parallel  chains,  are  of  special  design. 

Fig.  2,  showing  the  arrangements 
in  a  first  class  dining  car  on  the  Great 
Central  Railway,  is  interesting  as  an 
example  of  the  use  of  60  watt  "  half- 
watt  "  lamps  for  carriage  lighting.  The 
lamps  are  enclosed  in  special  Holophane 
Tonits  made  up  of  a  12  in.  reflector  top 
and  corresponding  "  Excellite"  (diffusing 


glass)  bottom.  The  units  are  mounted 
direct  on  the  ceiling.  The  effect  is 
striking  and  the  freedom  from  glare  is 
dovibtless  a  good  feature. 

We  understand  that  the  new  industrial 
\inits,  with  aluminium -covered  exteriors 
are  also  being  widely  used,  particularly 
in  some  of  the  large  munition  factories. 
It  is  naturally  impracticable  to  publish 
particulars  of  such  installations  at  the 
present  time,  but  no  doubt  full  informa- 
tion will  be  available  when  the  war  is  over. 


MANUFACTURE     OF     BENJAMIN     REFLECTORS    AND     FITTINGS. 


We  were  recently  afforded  an  oppor- 
tunity of  visiting  the  works  of  Benjamin 
Electric,  Ltd.,  where  a  great  variety 
of  reflectors  for  industrial  lighting 
is  being  manufactiu'ed  and  other  special 
war  work  is  being  done. 

Probably  few  peojale  realise  the  variety 
of  operations  involved  in  the  production 
of  these  reflectors.  The  forming  of  the 
special     contours    requires     a     series     of 


stamping  processes,  and  the  reflectors 
have  to  be  annealed  between  each  step. 
Then  there  are  the  subsequent  operations 
of  coating  the  outside  and  preparing  the 
aluminium  and  rust-proof  lacquer-pro- 
tection for  the  interior.  Some  of  the 
reflectors  require  at  least  a  dozen  distinct 
ojjerations.  Fig.  2  shows  a  view  of  the 
powerful  press  used  for  this  work  which, 
we    understand,    has    been    kept    pretty 
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Ku;.  3. — Rt'tlcctors  heinsj  iinncalecl. 
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continiiouslj^    employed    since    the    war 
commenced. 

Among  other  operations  of  interest  are 
the  fitting  together  of  Benco  holders. 
safety-jDortable  lamps  with  insulated 
handles  and  special  sealed  reflectors  for 
munition  work.  The  latter  are  of  very 
solid  construction  and  the  lamp  is 
effectually  protected  by  a  thick  well- 
glass  screwed  into  the  reflector,  so  that 
gases  and  fumes  in  the  atmosphere  of 
the  workroom  cannot  find  their  way 
into  the  interior  of  the  iinit.  The 
reflectors  are  spun  by  hand  on  the  lathe. 
The  company  has  also  been  making  a 
series  of  aluminium  trays  for  the  handling 
of  acid  and  other  materials.  These  must 
contain  no  joins  and  are  also  spun  by 
hand.  Seeing  that  some  of  these  pans 
and  trays  are  as  much  as  foiir  feet  in 
ihameter  the  work  calls  for  considerable 
effort  and  the  highest  degree  of  skill. 

There  were  also  to  be  seen  special 
reflectors  made  for  various  Government 
departments,  one  of  them  a  new  unit 
built  up  of  diffusing  glass,  which  should 
be  very  effectual  in  preventing  glare. 
Another  interesting  item  was  the  making 
of  a  series  of  large  "  artificial  dayhght  " 
iinits,  which,  we  understand,  are  required 
for  special  munition  work  in  which 
correct  colour-definition  is  of  great 
iinportance. 

A  visit  to  those  works  is  interesting  as 
showing  the  considerable  amount  of  c  xtra 
work  involved  in  prodiicing  metal  reflec- 
tors with  special  contours.  One  can 
understand  that  the  manufactiue  of 
ordinary  conical  shades  is  a  mucli  simplcu" 
matter.  But  the  extra  labour  involved 
is  compensated  by  the  greater  utility  of 
properly  designed  reflectors  fiom  an 
illuminating  standpoint,  and  it  is  satis- 
factory to  note  that  the  work  elono  by 
the  Benjamin  Electric,  in  the  field  of 
industrial  lighting  during  recent  years,  is 
now  receiving  adequate  recognition. 


Fig.  1. — Spinning  special  rcllectors  for  lighting 
munition  works. 


Fig.  2. — Showing  the  press  in  which  the  reflectors 
are  stamped  out. 
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REVIEW  OF  BOOK. 

The  Principles  of  Apprentice  Training,  by 
A.  P.  M.  Fleming  and  J.  G.  Pearce. 
{Longmans  Green  and  Co.,  1916.  202 
pages.) 

In  view  of  the  recent  discussions  on 
Technical  Education  and  Industrial  Re- 
search at  meetings  of  the  Circle  of 
Scientific,  Technical  and  Trade  Journa- 
lists, which  have  been  summarised  in 
this  and  the  preceding  niunber,  the  above 
volume  is  very  welcome. 

The  book  is  divided  into  four  parts, 
dealing  respectively  with  The  Economic 
Aspect,  Primary  Education,  Vocational 
Selection,  and  Apjirentice  Training.  The 
authors  commence  with  a  thoughtful 
analysis  of  the  different  tj'pes  of  in- 
dustrial workers  and  their  educational 
needs.  In  dealing  with  economic  aspects 
they  point  out  that,  although  the  national 
expenditvire  on  education  cannot  be 
regarded  as  excessive,  much  of  the  money 
spent  is  wasted,  owing  to  the  lack  of 
proper  supplementary  training  following 
primary  education.  Educational  autho- 
rities and  manufacturers  need  to  get 
closer  in  touch  and  find  common  ground. 
In  particular  means  should  be  taken  to 
safeguard  the  future  of  educated  youth 
and  prevent  the  constant  flow  of  boys 
into  "  blind  alley  "  occupations,  and 
more  care  should  be  exercised  to  deter- 
mine the  work  for  which  each  youth  is 
best  fitted.  In  the  past  British  engineers 
have  achieved  much  through  inherent 
common  sense  and  a  kind  of  mechanical 
instinct,  which  almost  ainounts  to  a  sixth 
sense.  But  in  these  days  such  natural 
advantages  can  no  longer  compete  unless 
reinforced  by  scientific  method  and 
training. 

A  very  interesting  analysis  is  made  of 
the  system  of  training  adopted  in  the 
schools  at  Gary  (Indiana).  Here  the 
children  are  encouraged  to  take  part  in 
the  practical  work  of  the  whole  establish- 
ment— making  furniture,  attending  to 
lighting  motors,  bells,  farm  work,  &c., 
and  special  attention  is  given  to  voca- 
tional training. 

The  latter  section  of  the  book  is  de- 
voted to  a  study  of  courses  for  appren- 
tices, and  an  instiiictive  survey  is  made 
of  the  methods  of  continuation  school 
training  in  ^lunich — where  only  8  per 
cent,  of  boys  do  not  enter  special  trade 
schools.  Stress  is  laid  on  the  need  for 
careful  systematic  consideration  of  the 
needs  of  local  industries  and  the  appor- 
tioning of  the  number  of  pupils  trained 
to  each  trade.  The  authors  also  give  an 
account  of  the  system  of  instruction 
adopted    in    1913    lay    the    \\'estinghouse 


Electric  and  ^Manufacturing  Co.  in  this 
country  which,  we  believe,  has  already 
had  a  marked  infliience  on  the  success  of 
this  firm  diu-ing  recent  years. 

PETROL  GAS  FOR  COUNTRY 
LABORATORY  GAS  SUPPLY. 

A  leaflet  on  this  subject,  issued  by 
County  Light,  Ltd.  (St.  Stephen's  House, 
Westminster),  describes  the  well-known 
county  system  of  petrol  air  gas  lighting. 
It  is  remarked  that  people  in  country 
districts,  where  there  is  no  gas  or  electric 
supply,  would  often  find  this  method  of 
lighting  very  advantageous. 

For  laboratories  the  system  has  a  special 
utility,  being  ajDplicable  both  for  lighting 
and  heating,  and  very  suitable  for  local 
bunsen  burners,  and  luminous  flat  flame 
biirners,  suitable  for  treating  glass  tubing, 
&c.  AVe  notice  among  recent  installa- 
tions that  plants  are  used  in  the  Govern- 
ment laboi-atories  for  H.M.  Ministry  of 
^Nlmiitions,  the  Royal  Horticultural 
Society's  laboratories  at  Wisley,  in 
Surrey,  and  the  Clinical  Laboratory  at 
Yelverton,  in  Devon. 

It  has  often  been  pointed  out  as 
essential  that  a  thoroughly  reliable  type 
of  plant  should  be  used  in  such  cases,  and 
we  notice  that  Coimty  Light,  Ltd.  under- 
take a  guarantee  to  replace  free  of  charge 
any  part  that  may  recjuire  renewal  for 
five  vears  from  date  of  installation. 


Assets  exceed 
£2,500,000. 


Claims  paid 
over  £8,500,000. 


!v  Ap; 


GENERAL 

Accident  Fire  and  Life 
ASSURANCE    CORPORATION,    Ltd. 

General    Buildings,  Perth,  Scotland, 
General  Buildings,  Aldwych,  London. 

Fstabliihed  1885. 


WAR    ECONOMY. 


In  consequence  of  the  War,  the  cost  of 
building  material  and  labour  has  increased 
nearly  50  per  cent.  All  owners  of  property 
should  therefore  increase  their  Fire  Insur- 
ances ;  this  they  can  do  at  little  or  no 
extra  cost  by  taking  a  P'ire  Bonus  Policy 
with  this  Corporation,  and  thus  effect  a 
saving  of  20  per  cent,    of  each    premium. 

Particulars  on  receipt  of  post  card  at 
either  of  the  above  Offices. 

F.  NORIE-MILLER,  J.P. 
General  Manager. 
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CONCEALED  LIGHTING  IN  A  CHURCH. 

We  have  received  from  the  British 
Thomson  Houston  Co.,  Ltd.,  the  following 
particulars  of  a  novel  and  inexpensive 
lighting  installation  carried  out  by 
Messrs.  Duncan  Watson  and  Co.,  in  co- 
operation with  the  B.  T.  H.  Illuminating 
Eng.  Dept.,  in  St.  Diuistan's  Church, 
East  Acton. 


sides  of  the  nave,  while  the  lighting  of 
the  chancel  is  served  by  a  pair  of  similar 
reflectors,  placed  above  the  lower  capitals 
of  the  pillars  supporting  the  main  arch. 
Light  is  thrown  on  the  altar  by  single 
trough  reflectors  placed  within  the 
reveals  of  the  two  side  windows. 

A  near  view  of  several  of  these  units  is 
shown  in  Fig.  ] ,  while  Fig.  2  gives  a  good 
idea    of    the    effect    looking    down    the 


^#===^ 

4 

^^^^^^^^^■>1>4^& 

^^Hv^^HI 

i  3 

^P:M 

-^^S 

1     ^ 

-r 

W^^.       rati 

Fig.  I. — St.  Dunstan's  Church.  East  Acton. 
Showing  arrangement  of  fittings  where 
the  arches  spring  from  the  pillar  capitals. 

Trough  reflectors  are  concealed  be- 
tween the  mouldings  of  the  arches  at  the 
points  where  the  latter  spring  from  the 
pillar  capitals.  Three  "  Mirolux  "  ex- 
tensive trough  reflectors,  each  equipped 
with  two  60-watt  standard  Mazda  lamps 
are  provided  on  the  east  pillars  on  both 


Fig.  2.— St.  Dunstan's  Church.  East  Acton. 

From  an  artificial  light  photograph.      Note 

the  entire  absence  of  visible  fittings. 

church,  the  units  being  then  out  of  view. 
The  value  of  the  illuinination  at  the  top 
of  the  pews  is  given  as  2.5—3  foot- 
candles.  Special  luiits  are  also  provided 
for  lighting  the  vicar's  stall  and  the 
Book  on  the  lectern,  and  for  the  organ 
music. 


A  USEFUL  LAMP  GUARD. 

A  useful  form  of  wire  lamp  guard  is 
being  supplied  bv  the  L.  P.  S.  Electrical 
Co.  (18,  Adam  Street,  W,).  The  "  Hold- 
fast "    Lamp .  Guard,  as  it  is  termed,  is 


Holdfast"  Lamp  Guard. 


well  adapted  to  protect  lamps  from  shock 
and  vibration.  The  wire  cage  terminates 
in  a  clamping  collar  lock  which  forms  a  per- 
manent and  rigid  guard  to  the  socket, 
and  there  is  also  a  ring  of  spiral  wire 
which  supports  the  lower  part  of  the  bulb, 
and  helps  in  preventing  breakage  of 
lamps  at  the  neck.  The  whole  arrange- 
ment, besides  protecting  the  lamp,  serves 
to  keep  it  completely  removed  from 
contact  with  any  possibly  inflammable 
material  in  the  neighbourhood,  and  a 
special  trap-lock  prevents  the  unautho- 
rised removal  of  the  lamp. 

Another  useful  product  issued  by  the 
L.  P.  S.  Electrical  Co.  is  the  flexible 
"  Dru'aduct  "  woven  conduit.  This  is 
made  of  non-metallic  material,  and  con- 
sists of  a  single  wall  built  uj)  of  an  outer 
surface  of  woven  cotton,  an  intermediate 
layer  of  hard  twisted  insulating  paper, 
and  a  woven  cotton  interior  surface. 
The  material  is  claimed  to  be  fireproof, 
non-hydroscopic,  and  of  high  insulating 
qualities. 
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EDITORIAL. 

State  Aid  for  Education  and  Research. 

In  recent  discussions  on  technical  education  the  need  for  greater 
support  from  the  State  has  often  been  insisted  upon.  Only  last  month 
we  referred  to  the  Memorial  addressed  to  Lord  Crewe  by  the  Professors 
and  Staff  of  the  Imperial  College  of  Science,  in  which  great  importance 
was  attached  to  the  provision  of  bursaries  in  order  to  check  the  tendency 
for  gifted  youths  to  drift  into  blind  alley  occupations. 

We  are  glad  to  see  that  this  matter  is  dealt  with  in  a  striking  Interim 
Report  issued  by  the  Consultative  Committee  on  Scholarships  for  Higher 
Education.  The  Committee  is  of  a  very  representative  character,  the 
Chairman  being  the  Rt.  Hon.  Arthur  Dyke  Acland,  whose  enthusiasm 
for  the  cause  of  good  education  is  well  known. 

The  terms  of  reference  of  the  Committee,  which  was  invited  to  under- 
take its  task  in  March,  1913,  are  comprehensive.  They  cover  the  whole 
([uestion  of  the  existing  system  of  awards,  whether  by  Local  Education 
Authorities,  by  the  Governing  Bodies  of  Secondary  Schools,  Universities 
and  Colleges,  by  the  Trustees  of  Endowment,  &c.,  for  assisting  pupils  to 
proceed  from  Secondary  Schools  to  Universities  or  other  places  of  Higher 
Education.     It  is  natural  that  at  the  present  time  the  attention  of  the 
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Committee  has  been  concentrated  chiefly  on  the  making  good  of  deficiencies 
in  regard  to  scientific  and  technical  training,  but  the  history  of  the  scholar- 
ship system  as  a  whole  is  reviewed,  and  its  proper  aims  discussed.  It  is  now 
proposed  to  remove  inconvenient  gaps  in  the  educational  ladder  by  pro- 
viding bursaries  which  besides  covering  educational  fees  will  leave  sufficient 
margin  to  enable  boys  to  disregard  the  attraction  of  premature  occupation, 
Another  point  is  the  extension  of  research  scholarships  for  a  longer  period 
so  that  gifted  workers  may  be  less  apt  to  relinquish  their  experiments 
at  the  very  time  when  they  have  acquired  facility  and  expertness. 
Altogether  a  sum  exceeding  £300,000  is  suggested  for  the  creation  and 
extension  of  scholarships  of  various  kinds. 

The  Report  also  contains  a  useful  introduction  analysing  the  conditions 
that  have  retarded  progress  in  many  directions.  Manufacturers,  it  is 
remarked,  have  shown  a  tendency  to  neglect  the  work  of  men  of  science  ; 
the  latter,  in  turn,  have  perhaps  been  too  disposed  to  ignore  the  industrial 
development  of  their  discoveries.  The  gap  between  practice  and  theory 
between  pure  and  applied  science,  needs  to  be  bridged.  "  There  are  three 
needs  ;  a  need  for  pure  science  ;  a  need  for  applied  science  ;  and  a  need  for 
a  more  generally  diffused  interest  in  the  principles  and  results  of  science." 

This  statement  entirely  bears  out  what  has  been  said  in  recent  issues 
regarding  the  need  for  co-operation  between  the  State  and  the  press.  For 
the  press,  particularly  the  section  of  it  which  deals  habitually  with  scientific 
and  industrial  matters,  offers  one  of  the  most  potent  instruments  for  bringing 
about  the  required  diffusion  of  interest  in  scientific  methods  and  might 
become  a  most  valuable  channel  for  the  dissemination  of  information  amongst 
manufacturers  and  the  general  pubHc. 

The  need  for  immediate  action  is  evident,  and  we  hope  that  the  Report 
of  the  Consultative  Committee  will  be  promptly  acted  upon.  It  must  not 
be  supposed  that  while  we  are  discussing  this  subject  other  nations  are 
standing  idle.  The  widespread  interest  in  the  organisation  of  science 
and  industrial  research  is  aptly  illustrated  by  an  article  in  the  last  number 
of  the  General  Electric  Review*  It  is  worthy  of  note  that  in  1914  the 
American  Association  for  the  Advancement  of  Science  appointed  a  com- 
mittee of  one  hundred  to  promote  co-operation  between  the  industries  and 
universities.  The  recently  introduced  Senate  Bill  (4874)  deals  with  the 
establishment  of  an  engineering  or  mechanic  arts  experiment  station  in 
each  State  or  Territory,  a  popular  feature  being  the  issue  of  regular 
bulletins  and  reports  of  progress  at  Government  expense. 

The  proposed  Federal  Institute  of  Science  and  Industry  in  Australia 
we  have  already  mentioned  in  these  columns  and  we  notice  that  in  Canada 
a  scheme  for  promoting  scientific  and  industrial  research  is  also  under 
consideration. 

Finally,  we  note  the  interesting  statement  that  the  Japanese  Govern- 
ment has  recently  set  aside  a  sum  equivalent  to  £200,000  for  the  estabhsh- 
ment  of  a  laboratory  for  physical  and  chemical  research,  and  that  the 
Emperor  has  contributed  an  additional  £100,000. 

Britain,  therefore,  must  guard  against  the  supposition  that  the  efforts 
she  contemplates  making  will  not  be  duplicated  in  other  countries  and  at 
the  present  moment  it  is  particularly  vital  that  the  Government  should  keep 
in  touch  with  and  encourage  co-operation  with  the  organisations  which  will 
doubtless  be  built  up  throughout  the  Colonies  and  Dominions. 

*    Research  Organisation,  by  W.  R.  Whitney,  Geii.  Electric  Review  (of  America),  July,  1916. 
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Lectures  on  Illuminating  Engineering. 

On  page  222  in  this  issue  will  be  found  an  announcement  of  the  series 
of  lectures  on  illuminating  engineering  to  take  place  at  the  Pennsylvania 
University,  on  the  occasion  of  the  Tenth  Annual  Convention  of  the  American 
Illuminating  Engineering  Society,  to  be  held  next  September.  The  lectures 
are  organised  by  the  Society  working  in  co-operation  with  the  University. 
A  very  varied  list  of  subjects  has  been  selected  and  each  lecture  will  be 
delivered  by  a  specialist. 

It  is  now  six  years  since  a  similar  course  was  arranged  at  t)ie  Johns 
Hopkins  University,  Baltimore,  in  1910,  and  we  are  glad  to  see  that  this 
successful  experiment  is  to  be  repeated.  During  the  intervening  period 
illuminating  engineering  has  made  great  strides  from  theory  to  practice. 
At  the  time  when  the  Johns  Hopkins  course  was  held  the  movement  was 
concerned  mainly  with  fundamental  principles  and  the  lectures  were 
accordingly  devoted  chiefly  to  ideas  and  methods.  Since  then  the  number 
of  workers  engaged  in  the  investigation  of  lighting  problems  has  very  much 
increased,  and  the  experience  of  the  past  six  years  has  served  to  crystalhse 
existing  knowledge.  We  anticipate,  therefore,  that  the  forthcoming  series 
of  lectures  will  form  a  valuable  summary  of  the  present  practice  in  various 
fields  of  lighting. 

In  this  country  the  present  circumstances  are  naturally  unfavourable 
to  the  organisation  of  such  lectures  on  a  large  scale.  The  great  majorit}^ 
of  the  younger  men,  by  whom  they  would  ordinarily  be  attended,  are  absent 
with  the  forces,  and  many  of  those  whose  assistance  as  lecturers  would 
be  desirable  have  other  urgent  claims  on  their  services  in  connection  with 
the  war.  It  will  be  recalled  that  a  start  was  made  in  1911  by  the  arrange- 
ment of  three  simultaneous  courses  on  illuminating  engineering  at  various 
educational  institutions  in  London,  and  since  then  special  courses  have 
from  time  to  time  been  organised  by  members  of  the  Society  at  their 
respective  colleges.  In  the  future,  however,  we  hope  that  such  lectures 
will  be  much  more  fully  developed. 

The  present  revival  of  public  interest  in  education  and  science  should 
pave  the  way  for  greater  activity  in  the  field  of  illuminating  engineering 
and  we  have  no  doubt  that  a  proper  place  will  be  assigned  to  this  subject 
at  the  great  institutions  whose  scientific  work,  already  of  considerable  value, 
is  destined  to  be  extended  in  the  near  future. 

This  matter  is  one  for  the  Illuminating  Engineering  Society  to  take 
up  with  the  educational  authorities  at  the  proper  time.  But  there  are 
many  opportunities  for  effort  on  the  part  of  individual  companies  and 
institutions.  We  have  quoted  examples  of  the  growing  recognition  of  the 
need  for  fostering  a  belief  in  scientific  method  amongst  the  general  public. 
In  illuminating  engineering,  the  case  for  such  effort  is  particularly  strong. 
Companies  engaged  in  the  supply  of  gas  and  electricity,  and  manufacturers 
concerned  with  the  production  of  lamps  and  lighting  appliances  depend 
for  their  prosperity  on  gaining  the  goodwill  of  the  commmunity.  In  order  to 
extend  their  activities  in  the  manner  we  hope  and  expect  after  the  war, 
they  should  now  be  considering  how  best  to  train  their  staff  to  a  higher 
degree  of  technical  efficiency,  how  best  to  bring  home  to  the  public  the  value 
of  their  services,  and,  last,  but  not  least,  how  they  can  combine  and 
co-operate  in  order  to  carry  out  these  aims. 
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The  "Lumen"  as  a  Basis  of  Comparison  for  llluminants. 

During  recent  years  the  practice  of  basing  comparisons  of  various  types 
of  lamps  and  illuminating  engineering  calculations  on  the  conception  of 
flux  of  light,  has  made  great  progress.  The  Lumen,  originally  proposed 
by  Professor  Blondel  at  the  International  Electrical  Congress  at  Geneva 
in  1896,  has  now  become  a  much  more  familiar  unit  to  lighting  engineers, 
largely  through  the  energetic  popularisation  of  the  term  by  our  friends  in 
the  United  States. 

The  relative  merits  of  the  "  candle  "  and  the  "  lumen  "  were  debated 
at  a  meeting  of  the  Illuminating  Engineering  Society  in  this  country  in  1914, 
corresponding  members  on  the  Continent  and  in  the  United  States  freely 
expressing  their  views.  The  general  impression  at  that  time  was 
undoubtedh^  that  the  expression  of  illuminating  power  in  terms  of  lumens 
is  the  more  accurate  and  scientific  method,  but  that  the  candlepower  being 
now  a  well-understood  and  familiar  term,  could  not  be  readily  displaced. 
While,  therefore,  scientific  men  are  turning  towards  the  use  of  the  lumen 
for  accurate  comparisons,  we  must  in  dealing  with  the  general  public, 
undertake  an  educational  campaign  in  order  to  achieve  the  desired 
alteration  gradually. 

In  comparing  different  types  of  lamps,  having  widely  divergent  polar 
curves  of  light-distribution,  it  has  long  been  recognised  that  the  plan  of 
merely  stating  the  light  in  some  particular  direction  is  quite  unsatisfactory, 
especially  now  that  so  many  different  types  of  lamps  are  in  use.  There  is 
much  to  be  said  for  basing  such  comparisons  on  the  total  output  of  light 
in  all  directions,  and  once  this  is  recognised,  there  seems  good  reason  to 
adopt  the  more  scientific  method  of  specifying  the  flux  of  light. 

At  the  last  meeting  of  the  National  Electric  Lamp  Association  in  the 
United  States  the  question  of  rating  electric  lamps  in  lumens  was  seriously 
discussed,  and  a  recent  article  note  in  the  Electrical  World  makes  some 
comments  on  the  subject.  The  remarks  are  substantially  in  accordance 
with  the  views  expressed  above.* 

We  understand  that  some  of  the  manufacturers  in  this  country  are 
already  introducing  the  lumen-basis  in  their  lists.  This  is  an  enterprising 
progressive  step.  We  should,  however,  like  to  suggest  that  for  some  time 
to  come  it  would  be  advisable  to  state  side  by  side  both  the  flux  of  light 
in  lumens  and  the  consumption  and  candlepower  values  of  the  lamps  as 
originally  presented  in  catalogue  literature.  In  this  way  the  term  "  lumen  " 
will  gradually  become  familiar  and  at  the  same  time  its  connection  with  the 
candlepower  will  be  better  understood. 

We  ma}'  also  draw  attention  to  another  application  of  the  flux  of  light 
basis  of  nomenclature,  namely  in  connection  with  brightness-values.  The 
specification  of  brightness  was  also  discussed  at  the  meeting  of  our  Society 
in  1914  and  arguments  were  advanced  for  and  against  the  methods  of 
expressing  brightness  in  terms  of  "candlepower  per  square  inch"  and 
"  equivalent  foot-candles."  It  is  now  proposed  to  express  the  luminosity 
of  all  objects,  whether  self-luminous,  or  made  visible  by  reflected  light,  in 
terms  of  lumens  per  unit  area.  With  this  object  in  view  the  Illuminating 
Engineering  Society  in  the  United  States  suggests  as  a  unit  the  "  lambert ' 
which  is  the  brightness  of  a  surface  emitting  one  lumen  per  square 
centimetre.  The  "  lambert  "  is  already  finding  its  way  into  American 
literature  and  we  give  on  p.  224  an  explanation  of  this  term. 

L.  Gastek. 

*  Elec.  World,  July  1st,  1916. 
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THE    CONDITIONS    OF   HEALTH    OF    MUNITION 

WORKERS.* 


Since   the   oiitbreak   of  war  the   con- 
ditions  of   health   of   munition   workers 
have  been  the  subject  of  much  concern. 
In  the  rush  of  equipping  and  staffing  new 
factories  many  unforeseen  problems  arose 
and  much  valuable  experience  has  been 
gained.     It  can  hardly  be  doubted  that 
this  experience   will  have   a   favourable 
influence    on   the   condition   of   workers 
generally  after  the  war,  and  the  whole 
question  affecting,  as  it  does,  the  future 
industrial   welfare   of   the   nation,    is   of 
great  importance.     In  this  article  we  are, 
therefore,  giving  a  summary  of  some  of 
the  chief  points  in  the  publications  of  the 
Home  Office  and  the  Ministry  of  Munitions 
bearing  on  this  point.     The  cj^uestion  of 
lighting,    it   will   be   recalled,    was   dealt 
with    specially    in    the    Report    of    the 
Departmental  (Home  Office)  Committee, 
issued  in  the  autumn  of  last  year.     Since 
that  date  the  Committee  appointed  by 
the  Ministry  of  Munitions  on  the  Health 
of  Munition  Workers  has  issued  a  series 
of  valuable  bulletins,  in  which  the  whole 
subject  is  surveyed  in  a  very  practical 
manner.     Many  of  the  problems  involved 
such  as  the  conditions  determinin<f  in- 
dustrial fatigue,  have  a  close  relation  to 
lighting   problems   and   those   interested 
in  industrial  illumination  would  do  well 
to    keep    themselves    informed    of    the 
progress     in    the    study     of    industrial 
hygiene  in  its  broader  aspects. 

The  series  of  bulletins  issued  by  the 
Ministry  of  Munitions  Committee  deals 
with  the  following  subjects  : — (1)  Sunday 
Labour,  (2)  Welfare  Supervision,  (3) 
Industrial  Canteens,  (4)  Em])loyment  of 
Women,  (5)  Hours  of  Work,  (6)  Canteen 
Construction  and  Eciuipment,  (7)  Indus- 
trial Fatigue  and  its  causes,  (8)  S])ecial 
Industrial  Diseases,  (9)  Ventilation  and 
Lighting  of  Munition  Factories,  (10)  Sick- 
ness and  Injury.     Attention  may  also  be 


*  Bulletins  Nos.  1 — 10  issued  by  the  Health 
af  Munition  Workers'  Committee  (Ministry  of 
Munitions),  London,   191.') — 1<»10. 


directed  to  a  Report  by  Mr.  A.  F.  Stanley 
Kent  on  "  An  Investigation  of  Industrial 
Fatigue  by  Physiological  Methods,"  issued 
by  the  Home  Office  in  1915. 

Sunday  Labour. 

The  problem  of  Sunday  labour  is  of 
great  importance  in  relation  to  physical 
and  mental  fatigue.  ''  Not  only  must 
one  consider  the  long  hours  of  labour  and 
the  prevalent  over-time,  the  environment 
of  the  work  and  the  physical  labour 
involved,  but  also  the  mental  fatigue  and 
boredom  resulting  from  continuous  atten- 
tion to  work."  Supervision  is  difficult 
and  imposes  a  severe  strain  on  the  fore- 
men, constant  Sunday  work  means  high 
wages  and  bad  time-keeping  during  the 
week,  and  there  is  considerable  feeling  that 
one  day's  rest  in  seven  is  good  for  body 
and  mind. 

In  the  case  of  women  and  young 
children  the  evils  are  accentuated.  If 
employment  in  emergencies  on  Sunday 
cannot  be  avoided  it  is  suggested  that 
operators  should  not  be  at  work  on  two 
consecutive  Sundays,  should  have  time 
off  on  Saturday,  and  should  be  employed 
for  a  portion  of  the  day  only.  Even  in 
the  case  of  men  it  is  recommended  that 
Sunday  work  should  be  confined  to 
sudden  emergencies,  such  as  the  making 
up  of  occasional  arrears  in  certain 
sections,  and  the  undertaking  of  repairs, 
tending  furnaces,  kc,  the  men  being 
given  a  corresponding  rest  during  some 
part  of  the  week. 

Employment  of  Women. 

In  the  case  of  women  the  ])roblem  is 
complicated  by  the  fact  that  they  have, 
in  many  cases,  home  duties  which  cannot 
be  neglected.  The  question  of  transit 
facilities  (also  mentioned  under  the 
heading  of  "  welfare  supervision  '")  is 
most  im])ortant.  A  day  beginning  at 
■1  or  .3. '50  a.m.  for  work  at  (>  a.m..  followed 
bv   II   lioui's  in  the  factory  and  anotlu^r 
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two  or  two  and  a  half  hours  on  the 
journey  back,  may  end  at  10  or  10.30  p.m. 
"  Beds  are  never  empty  and  rooms  are 
never  aired,  for  in  a  badly-crowded 
district,  the  beds,  like  the  occupants,  are 
organised  in  day  and  night  shifts.  In 
such  conditions  of  confusion,  pressure  and 
overcrowding,  home  can  have  no  exist- 
ence." Night-work,  in  the  case  of  women, 
is  particularly  objectionable,  as  their  sleep 
is  inevitably  subject  to  frequent  inter- 
ruptions during  the  day. 

Welfare  Supervision, 

Such  conditions  lead  one  to  appreciate 
the  benefit  of  "  welfare  supervision,"  i.e., 
the  appointment  of  a  stafi  whose  sole 
duty  it  is  to  inquire  into  the  welfare  of 
employees.  Among  the  duties  of  such 
a  staff  are  included  the  registering  of 
available  houses  and  lodgings  for  em- 
ployees, inquiry  into  means  of  transit  and 
the  need  for  fuller  facilities,  management 
of  canteens,  investigation  of  sickness, 
sanitation  and  hygiene,  recreation  and 
educational  work,  &c.  Experience  shows 
that  the  organisation  of  welfare  super- 
vision has  a  vital  effect  both  on  the  health 
of  workers  and  on  the  quality  of  work. 

Canteen  Construction  and 
Equipment. 

The  question  of  canteen  construction 
and  equipment  is  discussed  in  two 
separate  bulletins  (Nos.  3  and  6),  and 
practical  suggestions  are  made  for  the 
preparation  of  wholesome  food  at  a 
reasonable  cost.  In  the  rush  of  work 
operators  are  rarely  in  a  position  to 
prepare  their  own  meals  satisfactorily, 
and  the  time  spent  in  getting  food  outside 
the  factory  during  the  mid-day  interval  is 
an  important  consideration.  We  are 
glad  to  note  that  it  is  laid  down  that 
"  the  effective  cleanliness,  warming  (55 — • 
60  degrees),  lighting  and  ventilation  should 
receive  careful  attention  and  be  properly 
and  continuously  maintained."  Good 
lighting,  natural  and  artificial,  is  an 
important  factor  in  making  the  canteen 
attractive.  Ample  access  of  daylight  is 
desirable,  and  it  is  suggested  that  the 
total  window-area  should  in  no  case  be 
less  than  one-tenth  of  the  floor  area. 


Overtime  and  Night-work. 

On  the  subject  of  hours  of  work 
reference  is  again  made  to  the  effect  of 
overtime,  particularly  in  the  case  of 
operators  engaged  in  highly-skilled  work 
(tool  and  gauge-making,  tool-setters,  &c.) 
who  have  frequently  had  to  work  long 
hours.  Even  at  the  time  this  report 
was  issued  70 — 80  hours  a  week  were 
still  frequent,  and  in  the  early  stages  of 
the  war  as  much  as  90  hours  was  not 
uncommon.  "  The  Committee  are  satis- 
fied that  if  men  are  asked  to 
work  for  15  hours  a  day  for  weeks  and 
months  on  end  one  of  two  results  must 
follow :  either  the  health  of  workers  will 
break  down  or  they  will  not  work  at 
high  pressure."  The  view  has  been 
expressed  that  a  65-hour  week,  with  a 
maximum  of  80  hours  in  any  one  week 
was  as  much  as  men  ought  to  be  asked  to 
work.  If  overtime  is  resorted  to  there 
should  be  no  Sunday  work. 

The  length  of  the  night-shift  should 
never  exceed  that  of  the  day-shift. 
Night-work  is  regarded  as  uneconomical 
because  the  output  during  the  last  two 
or  three  hours  of  the  twelve  is  usually 
low  ;  supervision  is  difficult ;  workers 
find  a  difficulty  in  accommodating  them- 
selves to  the  practice  of  sleeping  in  the 
day-time,  and  to  the  unfamiliar  meal 
times  ;  finally  conditions  of  lighting  by 
night  are  seldom  so  good  as  in  the  day- 
time. 

Industrial  Fatigue. 

The  effects  of  overtime  work  are  again 
mentioned  in  the  Bulletin  on  Industrial 
Fatigue  and  its  Causes  (No.  7).  In 
this  connection  the  Report  of  Mr.  Stanley 
Kent,  mentioned  above,  is  interesting  as 
showing  how  the  effect  of  fatigue  can  be 
demonstrated  by  actual  tests.  These 
include  examination  of  the  power  of  doing 
work  (ergograph),  muscular  sense,  central 
nervous  system,  including  time  of  res- 
ponse to  signals,  acuity  of  vision  and 
hearing,  &c.,  and  the  circulatory  system. 
The  tests  show  quite  clearly  how  a  pro- 
gressive fatigue  occurs  during  the  week, 
and  how  improvement  follows  the  nightly 
period  of  rest.  It  is  an  interesting  question 
how  far  such  tests  could  be  applied  to  de- 
termine the  effect  of  poor  lighting  con- 
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ditions  in  causing  fatigue.  The  principle 
of  arranging  prescribed  periods  of  work 
followed  by  appropriate  intervals  for 
relaxation  goes  to  the  root  of  scientific 
utilisation  of  labour.  It  seems  reasonable 
to  suppose  that  in  many  cases  the  amount 
of  work  done  during  a  given  period  could 
be  grratly  increased  by  careful  attention 
to  this  point.* 

It  is  acutely  remarked  :  "  It  is  not 
surprising  that  where  employers,  follow- 
ing tradition  rather  than  experiment, 
have  disobeyed  physiological  law  in  the 
supposed  interests  of  gain,  and  for  a 
century  this  has  been  almost  universal — 
the  workers  have  themselves  fallen  very 
commonly  into  a  tradition  of  working 
below  their  best  during  their  spells  of 
labour" — a  slowing  down  that  is  really 
a  kind  of  physiological  self-protection. 

The  bulletin  also  refers  to  the  preval- 
ence of  accidents  and  spoiled  work,  sick- 
ness, lost  time,  and  "  staleness  "  following 
fatigue. 

Some  interesting  examples  of  intelligent 
management  are  given  : — 

In  a  shell  factory  the  men  in  the  early  hours 
of  the  war  worked  sevcii  12-hour  day  and  seven 
12-hour  night-shifts  during  the  week.  More 
recently  arrangements  have  been  made  to 
give  every  man  a  weekly  day  of  rest,  and  the  men 
work  from  6  a.m.  to  7.30  a.m.,  with  half  an  hour 
for  breakfast  and  an  hour  for  dinner.  Yet  an 
increased  number  of  shells  is  being  produced 
from  half  the  number  of  workers. 

At  another  large  munitions  factory  the 
management  insisted  on  a  rest  of  15  minutes  in 
every  hour  of  work.  The  men,  being  on  piece- 
work, at  first  objected,  thinking  that  their  out- 
piit  would  be  diminished.  But  when  the  rest 
was  rigidly  adhered  to  they  found  that  the 
output  ])er  hour  was  actually  increased. 

In  a  third  case  girls  engaged  in  monotonous 
repetitive  work  were  given  a  break  of  15  minutes 
in  the  ojien  air  at  11  a.m.  In  S])ito  of  this 
deduction  from  the  working  hours  the  output 
per  day  was  increased. 

In  conclusion  it  is  remarked  : — 

"  Even  during  the  urgent  claims  of  war  time 
the   prol>lem    must   always   be   to    obtain    the 


*  An  incident  at  the  front  is  of  great  interest 
in  this  connection.  Two  officers,  for  a  wager, 
competed  in  making  equal  lengths  of  a  certain 
trench,  each  with  an  equal  stpiad  of  men.  One 
set  his  men  to  work  as  they  ])leaRed,  but  as  hard 
as  possible.  The  other  divided  his  men  into 
three  sets  to  work  in  rotation,  each  digging  their 
hardest  for  five  minutes  and  then  resting  for 
ten,  till  their  spell  of  labour  came  again.  The 
latter  team  won  easily. 


maximum  output  from  the  individual  worker 
which  is  compatible  with  the  maintenance  of 
health.  In  war  time  the  workmen  will  be 
willing  as  they  are  showing  in  so  many  directions, 
to  forego  comfort  and  to  work  nearer  the 
margin  of  accumulating  fatigue  than  in  time  of 
peace,  but  the  country  cannot  afford  the 
extravagance  of  paying  for  work  done  during 
incapacity  from  fa.tigue  just  because  so  many 
hours  are  spent  upon  it,  or  the  further  extrava- 
gance of  urging  armies  of  workmen  towards 
relative  incapacity  by  neglect  of  physiological 
law." 

Sickness  and  Injury. 

Bulletins  Nos.  8  and  10  deal  respec- 
tively with  "  Special  Industrial  Diseases  " 
and  "  Sickness  and  Injury."  Among  the 
former  are  included  various  dangers 
incidental  to  munition  work,  such  as 
lead-poisoning  and  the  effects  of  fulminate 
of  mercury,  tetryl,    tri-nitro-toluol,   &c. 

Among  causes  of  sickness  and  injury 
are  mentioned  excessively  long  hours  of 
work,  particularly  at  night,  cramped 
postures  and  constrained  attitudes  during 
work,  muscular  strain,  machinery  acci- 
dents, poor  ventilation,  imperfect  lighting 
whether  by  day  or  night  (which  conduces 
to  eyestrain  and  headaches),  noxious 
gases  and  vapours,  dust  produced  in 
various  processes,  &c. 

The  careful  supervision  of  the  sick- 
rate,  and  the  provision  of  proper  methods 
of  detecting  early  indications  of  sickness 
and  securing  prompt  medical  attention 
for  same,  are  insisted  upon.  The  study 
of  the  sickness  rate  is  a  most  important 
guieh^  to  defective  conditions.  A  case  is 
mentioned  of  a  large  munitions  woiks  in 
which  the  sickness  rate  increased  pro- 
gressively from  2.4  to  over  -1  per  cent., 
while  the  accident-rate  also  rose.  Among 
men  on  overtime  work  the  sickness  race 
was  in  one  case  5.5  as  ccm])ared  with  3.7 
among  those  on  double  shifts.  Oveitimc 
and  night-work  seem  to  be  common 
ex])lanations  of  a  rising  sickness  rate. 

The  data  for  accidents  and  first-aiel 
supply  confiimatory  evidence.  Thus  in 
one  works  during  the  autumn  of  1914, 
when  the  hours  of  work  were  from  8  a.m. 
to  5.45  p.m.  an  average  of  100  first-aid 
dressings  were  done  each  month  per 
1,000  employed;  in  1915  for  the  same 
])eriod  of  the  year,  when  the  hours  of 
work  were  from  8  a.m.  to  8  p.m.,  the 
average  rose  to  292,  and  at  night,  when 
the  hours  of  work  were  from  8  p.m.  to 
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8  a.m.,  to  508.  This  increase  is  attributed 
to  :  (1)  longer  hours,  (2)  more  thorough 
organisation  of  first-aid  treatment,  and 
(3)  the  fact  that  a  greater  proportion  of 
the  workers  are  engaged  at  night  employed 
on  machines  as  compared  with  daytime. 

The    above    data    are    of    particular 
interest   to   readers   of  this   journal,   in 
view    of   the    stress   laid    on   the    extra 
difficulties,  both  as  regards  fatigue  and 
accidents,  of  persistent  night  work.     It 
is  highly  probable  that  this  is  due  in  part 
to  the  fact  of  the  conditions  of  illumin- 
ation being  less  satisfactory  than  those 
prevailing  in  the  day-time,  and  it  will  be 
observed   that   this    fact   is    specifically 
mentioned  by  the  Committee  in  Bulletin 
No.  5  on  Hours  of  Work  (p.  8).  Defective 
lighting   is   also   mentioned   in   Bulletin 
No.    10   (Sickness   and   Injury)   as   con- 
ducive to  eyestrain  and  headache.    Many 
of  the  other  causes  of  sickness  are,  no 
doubt,     also     connected    with    lighting 
defects.     Thus  machinery  accidents  are 
increased  by  poor  lighting,  as  the  machine 
is  less  carefully  tended  and  therefore  apt 
to    break    down,    and    employees    may 
endanger  their  life  through  inability  to 
see  machinery  clearly.     Insufficient  light 
on  the  work  or  glare  no  doubt  adds  to 
the  strain  of  work,  accentuating  fatigue, 
while  badly-placed  lamps  giving  incon- 
venient shadows  lead  to  workers  adopting 
cramped  positions. 

Ventilation  and  Lighting. 

In  Bulletin  No.  9  on  Ventilation  and 
Lighting  of  Munition  Factories,  ventila- 
tion, heating,  and  lighting  are  discussed 
in  some  detail.  It  is  pointed  out  that  the 
desirable  atmosphere  in  workshops  should 
be:— 

(o)  Cool  rather  than  hot. 
{b)  Dry  rather  than  damp, 
(c)  Diverse  in  its  temperature  in 
different  parts  and  at  different 
times  rather  than  uniform  and 
monotonous  and  (which  is  intimately 
connected  with  this  diversity) 

{(I)  Moving  rather  than  still. 

In  dealing  with  Lighting  the  Com- 
mittee have  naturally  taken  note  of  the 
Recommendations  in  the  Report  of  the 


Departmental  Committee  on  this  subject, 
and  comment  on  this  subject  as  follows  : — 


IV.— LIGHTING. 

12.  This  question  has  been  treated  with 
thoroughness  and  care  in  the  Report  of  the 
Departmental  Committee  on  Lighting  in  Fac- 
tories and  Workshops,*  which  has  recently  been 
published,  and  little  more  is  necessary  than  to 
refer  briefly  to  the  main  conclusions  of  that 
report. 

The  essentials  of  good  lighting  are  there 
summarised  as  : — 

(a)  Adequacy. 

(b)  A   reasonable    degree    of    constancy    and 

uniformity  of  illumination  over  the 
necessary  area  of  work. 

(c)  The  placing  or  shading  of  lamps  so  that 

light  from  them  does  not  fall  directly  on 
the  eyes  of  an  operator  when  engaged 
on  his  work  or  when  looking  horizontally 
across  the  workroom. 

(d)  The  placing  of  lights  so  as  to  avoid  the 

casting  of  extraneous  shadows  on  the 
work. 

13.  Natural  lighting  is  to  be  preferred  to 
artificial  lignting  on  grounds  of  health  as  well 
as  of  economy.  Where  it  can  be  arranged,  roof 
lighting  is  generally  to  be  preferred  to  lateral 
lighting.  In  a  good  system  of  roof  lighting  the 
illumination  is  very  uniform.  In  modem  fac- 
tories where  lateral  lighting  is  emjiloyed  a  large 
part  of  the  walls  are  devoted  to  windows,  but 
it  is  evident  that  there  is  a  limit  to  the  width 
of  the  room,  beyond  which  the  illumination 
falls  below  what  is  adequate  ;  what  this  width 
is  will  depend  partly  on  the  nature  of  the  work 
to  bo  done  in  the  shop  and  partly  on  the  extent 
to  which  the  light  is  impeded  by  outside 
obstacles  such  as  neighbouring  buildings  or 
inside  obstacles  such  as  machinery. 

14.  The  effect  of  light -coloured  walls  and 
white  ceilings  on  the  general  brightness  of  the 
room  and  in  affording  an  effective  background 
to  dark  objects  should  not  be  overlooked.  In 
some  cases  the  natural  lighting  may  be  improved 
by  deflecting  vertical  light  into  the  room  by 
means  of  reflectors  or  jnismatic  glass,  or  by 
whitening  the  surface  of  an  external  wall  or 
building  which  obstructs  the  light.  The  position 
of  permanent  working  points  should  be  so 
adjusted  in  relation  to  the  windows  and  to 
internal  obstructions  of  whatever  kind  as  to 
secure,  so  far  as  practicable,  adequate  daylight 
for  each. 

15.  The  necessity  for  the  regular  cleaning  of 
windows  on  the  inner  and  outer  surfaces  cannot 
be  too  much  insisted  on.  Not  only  do  dirty 
windows  prevent  a  large  proportion  of  daylight 
from  entering  the  shop,  but  the  daylight  period 
of  work  is  considerably  shortened  and  needless 
expenditure  on  artificial  lighting  incurred  in 
consequence.  At  the  present  time  the  anti-air 
raid  darkening  regulations  have  much  intensified 
this  loss  of  natural  light.  In  the  construction  of 
shops  care  should  be  taken  to  render  the  out- 

*  First  Report  of  Dejiartmental  Committee 
on  Lighting  in  Factories  and  Workshops,  1915 
(Cd.  8,000). 
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sides  of  windows  easily  accessible  for  cleaning. 
In  many  existing  shops  access  is  so  difficult  as 
to  make  cleaning  almost  impossible. 

16.  The  question  of  artificiil  lighti.ig  is  of 
special  importance  at  the  present  time,  when 
night  work  is  general,  and  when  women  and 
boys  are  employed  in  large  numbers.  Bad 
lighting  affects  output  unfavourably,  not  only 
by  maldng  good  and  rapid  work  more  difficult 
but  by  causing  headaches  and  other  effects  of 
eye-strain  ;  the  difficulties  of  supervision,  which 
are  always  considerable,  are  further  increased 
if  the  general  lighting  of  the  workshops  is 
insufficient. 

A  factory  may  be  instanced  where  in  one  shop 
the  ceiling  was  uniformly  whitened  and  illumin- 
ated by  arc  lights  which  were  shaded  from  the 
workers.  The  shop  was  illuminated  by  an 
agreeable  diffuse  light  which  cast  no  shadows. 
To  produce  the  best  effect  the  entire  top  surface 
can  be  covered  with  sheets  of  metal  and 
enamelled  white.  Such  a  method  of  lighting 
may  prove  to  be  more  costly  in  upkeep,  but  it 
has  compensatory  advantages  in  promoting  the 
health  of  the  workers  and  thus  may  prove  to 


be  economical  in  the  long  run.  In  an  adjoining 
shop  the  lighting  was  carried  out  by  electric 
lamps  each  suitably  shaded  to  throw  light 
down  on  the  lathe,  and  not  on  the  eyes  of  the 
workers.  In  still  another  shop  of  the  same 
factory  fish-tail  gas  burners  were  in  use,  the 
lighting  by  such  means  being  very  poor  and 
quite  unshaded.  Owing  to  the  impoverished 
illuminating  power  of  gas  its  use  without 
incandescent  mantles  is  to  be  condemned. 
Excellent  lighting  is  obtained  by  the  use  of 
incandescent  mantles  and  gas  under  pressure. 
The  lamps  in  lofty  shops  can  be  placed  high  up 
so  that  they  shed  a  diffuse  light  without  directly 
throwing  a  glare  into  the  workers'  eyes. 

17.  Attention  should  be  paid  to  the  lighting 
of  the  passages  and  immediate  surroundings  of 
the  factory  as  well  as  to  that  of  the  workshops 
themselves.  In  the  Report  of  the  Departmental 
Committee,  standards  of  lighting  for  factories 
are  suggested,  and  though  the  figures  given  are 
the  minima  considered  necessary,  they  may,  at 
any  rate,  prove  of  assistance  in  suggesting  the 
relative  amount  of  light  necessary  in  different 
parts  of  the  factory. 


ENGINEERING    EDUCATION   AND 
RESEARCH. 

A  valuable  Report  on  this  subject  was 
recently  prepared  for  the  Council  for 
Organising  Britisli  Engineering  Industry 
by  Mr.  A.  P.  M.  Fleming  {Superintendent 
of  Insulation  and  Transformer  Depts., 
Brit.  Westimjhouse  Elec.  and  Manufac- 
turing Co.),  Prof.  C.  J.  Maxwell  Garnett, 
M.A.  {Principal  of  the  School  of  Technology 
and  Dean  of  the  Faculty  of  Technology  in 
the  Universiti/  of  Manchester),  and  Prcf. 
Miles  Walker,  M.A.,  M.I.E.E.  {Professor 
of  Elec.  Eng.  in  the  School  of  Technology 
and  in  the  University  of  Manchester). 

A  distinction  is  drawn  between  the 
training  of  manual  workers  and  thinkers 
in  industry.  Workers,  after  passing 
through  the  public  elementary  school, 
should  proceed  to  a  junior  technical 
school,  where  they  can  be  s])ecially 
educated  with  a  view  to  their  industrial 
employment  (somewhat  on  the  lines  of 
the  methods  of  Osborne  school  for  the 
navy).  At  the  age  of  fifteen  they  should 
enter  work  as  apprentices,  and  their 
course  of  training  should  include  lectures 


and  instruction,  besides  works  experience. 
Specially  gifted  youths  should  be  selected 
for  higher  training  at  universities. 

Much  greater  facilities  are  also  needed 
for  university  courses  for  engineers 
intended  to  occupy  higher  ])ositions  in 
industry.  Additional  scholarships  are 
required  and  the  arrangements  at  different 
training  centres  and  towns  should  be 
made  more  uniform.  At  present  a  boy's 
chance  of  winning  a  scholarship  de])ends 
greatly  on  the  local  educational  endow- 
ment, in  fact  on  the  town  in  wliicli  he 
happens  to  live. 

Suggestions  are  also  made  for  the 
better  organisation  and  a])])lication  of 
research,  for  which  a  central  institution 
IS  needed. 

Apart  from  its  practical  value  to 
industry,  research  acts  as  a  valuable 
educational  element.  "  The  personal 
influence  of  the  man  doing  original  work 
in  his  subject  inspires  belief  in  it  and 
awakens  enthusiasm  and  gains  disci]iles. 
It  is  by  as.>ociating  students  throughout 
their  university  careers  with  such  men 
that  their  own  latent  originality  is  best 
develo])ed." 


B'J 
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STATE    AID    FOR    RESEARCH    AND    TECHNICAL 

EDUCATION. 


The  Interim  Report  just  issued  by  the 
Consultative  Committee  on  Scholarships 
for  Higher  Education  (Board  of  Educa- 
tion Cd.  8291)  makes  a  number  of  sug- 
gestions for  stimulating  the  pursuit  of 
scientific  knowledge  and  industrial 
research. 

During  the  last  forty  years  scientific 
and  industrial  research  has  admittedly 
not  made  the  progress  in  this  country 
which  modern  conditions  demand.  Com- 
mon sense,  energy,  voluntary  effort, 
spontaneous  enterprise  were  responsible 
for  the  great  industrial  progress  of  Britain 
in  the  first  part  of  the  last  century. 
But  after  the  war  of  1870  a  new  era, 
based  on  the  methodical  application  of 
scientific  knowledge  and  method  began, 
and  here  we  have  temporarily  fallen 
behind.  The  development  and  applica- 
tion of  scientific  eti'ort  has  been  less 
complete  and  the  relation  between 
industry  and  science  has  not  been 
satisfactory.  Business  men  have  con- 
sidered scientific  workers  unpractical  ; 
men  of  science  have  not  secured  from 
industry  the  necessary  encouragement  and 
incentive  to  effort.  This  gap  between 
requires  to  be  bridged. 

Since  the  outbreak  of  war  an  important 
step  in  this  direction  was  taken  in  the 
appointment  of  the  Committee  of  the 
Privy  Council  on  Industrial  Research. 
Efforts  are  also  being  made  to  ascertain 
and  remedy  defects  in  the  present 
system  of  education.  The  Report  con- 
tains an  analysis  of  the  functions  of 
Elementary,  Lower  Secondary  and  Junior 
Technical  Education,  a  special  reference 
being  made  to  the  need  for  further 
development  of  the  Trade  Continuation 
Schools.  There  is  a  great  gap  between 
in  the  educational  development  of  children 
after  leaving  school,  and  able  youths 
drift  into  blind  alley  occupations,  merely 
in  order  to  earn  immediate  wages.  To 
correct  this  tendency  it  is  pro})osed  to 
award  to  gifted  boys  scholarships  and 
bursaries  sufficient  to  cover  the  fees  of 
education  in  important  branches  of  trade 
and  also  to  remove  the  temptation  of 


seeking  immediately    remunerative    but 
ultimately  undesirable  employment. 

In  addition  to  this  additional  scholar- 
ships at  Technical  Institutions  and 
Universities  are  suggested,  and  it  is  men- 
tioned that  the  sum  at  present  allotted  to 
in  this  way  is  only  about  one-sixth  of  that 
l)rovided  in  Germany. 

Simultaneous  with  the  fostering  of 
education,  opportunities  for  the  em]tloy- 
ment  of  those  so  educated  should  be 
developed  ;  otherwise  there  is  a  danger 
of  the  situation  which  at  one  time  arose 
in  Germany,  where  there  existed  a  surplus 
of  educated  workers  unable  to  find  suit- 
able employment  and  forming  a  dis- 
contented element  in  the  population. 

It  is  therefore  necessary  to  proceed 
with  caution.  But  at  present  the  lack 
of  sufficient  scientifically  trained  men  in 
this  country  is  so  manifest  that  there  is 
ample  scope  for  encouragement  of  such 
education.  It  is  therefore  proposed  that 
the  following  sums  should  be  set  aside 
for     this     purpose  : — 

£ 
For    strengthening    the    higher 
parts    of   selected    Secondary 

Schools  100,000 

For  maintenance  grants  to 
Scholars  to  enable  them  to 
receive  Higher  Secondarv  Edu- 
cation from  16  to  18  or  19  . .  90,000 
For  Government  Scholarships 
from  Secondary  Schools  to  the 
Universities,  &c.,  in  Scientific 
and  Technical  subjects  . .      07,000 

(For  the  additional  cost  of  such 
Scholarships  if  held  at  Oxfora 
and  Cambridge)  . .         . .       10,000 

Grants  in  aid  of  LocalAuthorities 
for  Scholarships  to  Universities 
from  Secondary  Schools         . .      25,000 
For    Scholarships    from    Senior 
Technical  Schools,  &c.,  to  the 

Universities 27,000 

For  prolongation  of  Scholarships 
at  the  Universities  for  traininsx 
in  Research T     20,000 


£339,500 
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COMMITTEE    OF    THE    PRIVY    COUNCIL 
FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 


STANDING    COMMITTEE    ON 
ENGINEERING. 

The  Standing  Committee  on  Engineer- 
ing apjDointed  by  the  Advisory  Council 
for  Scientific  and  Industrial  Research 
held  its  first  meeting  on  Wednesday, 
7th  June.  Tlie  Committee  has  been  so 
constituted  as  to  represent  both  the 
scientific  and  the  industrial  sides  of 
engineering,  and  includes  the  following 
members  nominated  by  the  Professional 
Associations  : — 

Institution  of  Civil  Engineers,  Sir 
Maurice  Fitzmaurice,  C.M.G.  ;  Institution 
of  Electrical  Engineers,  Mr.  J.  S.  High- 
field  ;  Institution  of  Mechanical  Engineers, 
Dr.  Dugald  Clerk,  F.R.S.  ;  Institution 
of  Naval  Architects,  Sir  Archibald  Denny, 
Bt.  ;  N.E.  Coast  Institution  of  Engineers 
and  Shipbuilders,  Mr.  Herbert  Rowell ; 
Manchester  Association  of  Engineers,  Mr. 
Alfred  Saxon  ;  Institution  of  Engineers 
and  Shipbuilders  in  Scotland,  Mr.  James 
Urown ;  and  the  following  members 
directly  by  the  Advisory  Council  :  — 

Mr.  F."  R.  Davenport,  Mr.  Alfred 
Herbert,  Professor  Bertrain  Hopkinson, 
F.R.S. ,  Mr.  C.  H.  Merz,  Mr.  V.  L.  Raven, 
Mr.  A.  A.  Remington,  Mr.  G.  Gerald 
Stoney,  F.R.S.,  Mr.  Douglas  Vickers, 
Professor  Miles  Walker. 

The  Advisoi'y  Council  have  appointed 
Sir  Maurice  Fitzmaurice,  C.M.G. ,  to  be 
chairman. 

The  Committee  was  welcomed  by  Sir 
William  M'Cormick,  Chairman  of  the 
Advisory  Council,  and  Dr.  H.  F.  Heath, 
Administrative  Secretary  of  the  Council. 
Sir  A.  Selby-Bigge,  Secretary  to  the 
Committeo  ox  the  Privy  Council  for 
Sci(ni.tific  and  Industrial  Research,  also 
attended  and  emphasised  the  impoi'tance 
attached  by  the  Government  to  the  need 
for  greatly  increased  activity  in  i'es(>arch 
in  connection  with  intlustry.  In  Sir 
Maurice  Fitzmam-ice's  ojieTTing  statement 
as  Cliairmau  of  the  Standing  Committee 
fjeveral  important  aspcK'ts  of  the  CJovern- 
ment  Scheme  as  issued  in  July,  1915, 
were  referred  to,  and  attention  Mas 
directed  in  particular  to  the  necessity 
for  seciu'ing  that  British  industries  shall 
get  as  large  a  share  as  possible  of  llu;  full 


value    of    the   results   of   any   successfvil 
researches  and  shall  retain  at  least  the 
initial    advantages    derived    from    them. 
He  felt  in  this  connection  that  the  Com- 
mittee would  be  in  a  position  to  advise 
the  Government  organisation  lor  Research 
as  to  the  means  of  securing  that  their 
operations    should    yield    the    maximum 
benefits  to  the  trade  and  industry  of  the 
Empire.     x\pplications   for   aid   must   bo 
dealt  with  on  as  broad  lines  as  possible, 
without    red-tape    and    with    a    constant 
regard    to    the    viltimate    object    of    the 
Government  Scheme  which  is  to  help  the 
industrial     community     of     the     Einpire 
in  the   contest  with  the  common  trade 
enemy.     It  wovild  be  of  great  value  that 
applicants    for    assistance    to    researches 
should  make  it  clear  at  the  outset  whether 
results  if  obtained  should  be  considered 
as  of  a  confidential  nature,  as  in  arranging 
our   experimental   work    we   mvist   avoid 
conditions     calculated     to     help     foreign 
competitors.     Mvich     time     and     money 
had  been  spent  upon  research  in  the  works 
of     individual     firms     whose     aggregate 
expenditiu'e  for  the  piu'pose  far  exceeded 
the  sums  at  the  disposal  of  the  Comiuitteo 
of  Council,  and  from  the  industrial  side 
siich  work  by  firms  appealed  to  hiin  as 
the     inost     hojieful     arrangement.     But 
the    Govei'nment    had    made    a    decided 
step   forward   by   showing  their  interest 
in    industrial    research,    and    though    he 
expected   much  more   from   the   scheme, 
the  gain  would  be  great  if  the  only  result 
were    the    training    of    research   workers. 
Too  much  must,  however,  not  be  exjiected 
from    research    and    expeiimental    work 
in  themselves,  for  these  alone  would  not 
win    back    the    industric^s    wliicli    should 
never  have  left  us  or  even  retain  those 
we   still    possessed.     Though   it   was   iiot 
for  the  Staiiding  Conimitti'c  to  deal  with 
siich  qu(>stions,  individual  and  combined 
effoj'ts   were   needed   to   seciu-e   that   the 
])roducts  of  this  country  find  their  way 
to   those   who   need   them   at   home   and 
alji'oad,  and  to  see  that  what  is  wauttvl  is 
su)i[)lied  by  our  industries.     Sir  Maurice 
Fitzmaiu'ice    hoped    that    it    would    bo 
possible    to   co-operato   with   our   fellow- 
couutrymon  be\'ond  the  seas  in  carrying 
out  many  useful  investigations, 
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ILLUMINATING    ENGINEERING 
LECTURE  COURSE  AT  PHILADELPHIA. 

Under  the  joint  auspices  of  the  Illuminating 

Engineering  Society  (U.S.A.)  and  the 

University  of  Pennsylvania. 

It  will  be  recalled  that  in  1910  a 
lecture  course  Avas  arranged  by  the 
Am'^rican  Illuminating  Engineering 
Society  in  co-operation  with  the  Johns 
Hopkins  University,  at  Baltimore,  U.S.A. 
This  course  was  devoted  mainly  to  the 
science  of  illumination.  It  is  now  pro- 
posed to  hold  a  series  of  lectures  in 
Philadelphia,  as  mentioned  above,  which 
will  deal  chiefly  with  the  art  of  illumin- 
ation. The  course  will  include  about 
twenty  lectures  by  specialists,  and  will 
be  supplemented  by  an  exhibition,  at  the 
University  of  Pennsylvania,  of  the  latest 
developments  in  lamps,  lighting 
appliances,  photometers,  &c.  Visits  will 
also  be  arranged  to  various  manufacturing 
works,  laboratories,  lighting  companies 
and  notable  installations. 

The  following  is  the  preliminary  list  of 
subjects  for  lectures  : — 

Subjects  and  Lecturers. 

(A) — General — 

(1)  Illumination   Units   and   Calcula- 

tions, A.  S.  McAllister. 

(2)  Modern  Photometry  :   Clayton  H. 

Sharp. 

(3)  The  Principles  of  Interior  Illumin- 

ation (two  lectures)  :  Committee, 
J.  E.  Cravath,  Chairman. 

(•4)  The  Principles  of  Exterior  Illumin- 
ation :    Louis  Bell. 

(.5)  Colour  in  Lighting  :   M.  Luckiesh. 

(6)  Architectural  and  Decorative  As- 

pects of  Lighting  :   Guy  Lowell. 

(7)  Recent  Developments  in  Electric 

Lighting  Appliances :  G.  H. 
Stickney. 

(8)  Recent     Developments     in     Gas 

Lighting  Appliances :  R.  fi. 
Pierce. 

(9)  Modern    Lighting     Accessories : 

W.  F.  Little. 

(B) — Lectures  on  Interior  Illumination — • 

(10)  The  Lighting  of  Factories,  Mills 
and  Workshops  :   C.  E.  Clewell. 


(11)  The  Lighting  of  Offices,  Stores  and 

Shop-windows  :    N.  Macbeth. 

(12)  The  Lighting  of  Schools,  Audit- 

oriums and  Libraries  :      F.  A. 
Vaughn. 

(13)  The  Lighting  of  Churches  :  E.  G. 

Perrot. 
(U)  The  Lighting  of  the  Home  :  W.  H. 
Jordon. 

(15)  Railway    Car    Lighting :     G.    E. 

Hulse. 

(C) — Lectures  on  Exterior  Illumination — 

(16)  Street    Lighting    (two    lectures  : 

(a)  P.    S.    Millar ;     (b)    C.    F. 
Lacombe. 

(17)  The  Lighting  of  Yards,  Docks,  and 

Outside  Works  :    J.  L.  Minick. 

(18)  Headlights,  Searchlights  and  Pro- 

jectors :    E.  J.  Edwards. 

(19)  Sign  Lighting  :    L.  G.  Shepard. 

(20)  Exhibition  and  Pageant  Lighting  : 

W.  D'A.  Ryan. 

ILLUMINATING   ENGINEERING 
SOCIETY   (U.S.A.). 

Tenth  Annual  Convention. 

We  are  informed  that  the  following 
list  of  subjects  has  been  approved  by 
the  Papers  Committee  for  the  coming 
Tenth  Annual  Convention  of  the 
American  Illuminating  Engineering 
Society,  to  be  held  in  Philadelphia  next 
September  : — 

Coloured  Glasses  for  Illuminating  En- 
gineering, by  Dr.  H.  P.  Gage. 

Lighting  of  Cleveland  Museum  of  Art, 
by  Dr.  E.  P.  Hyde. 

Illuminating  Engineering  Photographs, 
by  B.  H.  Norris. 

Some  New  Phenomena  of  Persistence  of 
Vision,  by  Dr.  H.  E.  Ives. 

The  Effects  of  Brightness  and  Contrast 
on  Vision,  by  Dr.  P.  G.  Nutting. 

Apparent  Brightness  and  its  Properties, 
by  Dr.  L.  T.  Troland. 
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THE    EFFICIENCY    OF    PROJECTORS    AND    REFLECTORS. 

By  Haydn  T.  Harrison,  M.I.E.E. 
(Abstract  of  Paper  read  before  the  Liverpool  Engineering  Society,  February  23rd,  1916.) 


An  inteiesting  paper  on  the  above 
subject  was  read  before  the  Liverpool 
Engineering  Society  on  February  23rd, 
Professoi  E.  W.  Marchant  in  the 
chair.  In  his  introductory  remarks, 
Lieut.  Hairison,  R.N.,  explained  that 
he  had  lately  conducted  a  series  of 
researches  on  search-lights  in  connection 
with  his  work  in  the  Navy,  but  was  not 
at  liberty  to  refer  to  them  in  detail. 

The  effective  range  of  search-lights  is 
chiefly  a  matter  of  obtaining  the  maximum 
candle-power  in  the  direction  of  emission, 
i.e.,  of  diminishing  the  angular  spread 
of  the  beam  to  the  smallest  figure.  In 
ordinary  circumstances  if  one  increases 
the  current  supplied  to  the  arc,  the 
candle-power  is  increased,  but  at  the 
same  time  the  size  of  the  crater  becomes 
greater.  Consequently,  although  the  total 
candle-power  is  improved,  the  dispersion 
is  also  increased  and  there  is  no  great 
gain  in  "  maximum  candle-power."  With 
a  150  amp.  arc,  producing  a  crater  23  mm. 
in  diam.,  a  CO  cm.  diam.  mirror,  with 
45  cm.  focus,  may  be  used.  The  intensi- 
fication produced  by  the  mirror  would 
thus  be  : — 


1— Cos  45° 
1— Cos  2° 


=  500  times. 


Thus  an  arc  giving  ordinarily  50,000 
candle-power,  would  yield  a  beam-])ower 
of  50,000x500,  or  25,000,000  candles. 

In  order  to  produce  a  substantial 
advance  in  this  figure  it  is  necessary  to 
produce  a  source  of  light  giving  equal 
or  greater  candle-power  from  a  crater- 
area  less  than  that  of  the  present  arc  ; 
this  has  been  accomplished  by  cooling 
the  outer  surface  of  the  carbon,  which 
enables  the  diameter  of  the  core  fco  be 
reduced  to  nearly  one-third  for  the  same 
current.  Another  step  has  been  the 
embodying  in  the  core  of  ingredients  of 
the  type  used  in  flame  carbons. 


By  these  means  a  lamp  giving  double 
the  light,  and  a  beam-divergence  of  only 
l°can  be  obtained,  and  the  intensification 
factor  becomes  : — 


1— Cos  45° 


1— Cos  r 


1952  times. 


Moreover,  as  the  candle-power  pro- 
duced is  also  approximately  doubled,  the 
useful  illuminating  power  of  the  com- 
bination is  increased  approximately  eight 
times. 

Experiments  have  also  been  made  with 
gas-filled  incandescent  lamps  with  the 
object  of  securing  maximum  concentration 
of  light.  The  more  concentiated  arrange- 
ment and  greater  intrinsic  brilliancy  of 
modern  lamps  is  favourable  to  high 
efficiency  in  the  reflector.  For  example, 
by  using  a  6-volt  108-watt  lamp  (having 
a  very  compact  filament),  it  is  possible 
to  produce  a  reflector  giving  seven  times 
the  multiplying  power  obtainable  when 
using  a  100-volt  lamp  under  the  same 
conditions.  When  one  compares  the 
total  luminous  flux  reflected  by  most 
reflectors  with  the  lumens  produced  by 
the  lamp  used  with  them,  one  sees  that 
there  is  great  scope  for  improvement, 
even  in  up-to-date  modern  reflectors. 

For  many  purposes  a  very  concentrated 
beam  is  not  necessary,  but  for  special 
purposes  it  is  highly  desirable.  In  his 
work  in  the  Navy  the  author  has  succeeded 
in  ])roducing  reflectors  which,  with  a 
dis})ersion  of  six  degrees,  produce  a 
candle-power  about  1,000  times  that  of 
the  original  lamp. 

Referring  to  street-lighting  problems, 
the  author  laid  stress  on  tlie  importance 
of  accurate  control  of  light  by  reflectors. 
With  the  modern  high  candle-power 
incandescent  lamps  of  comjniratively 
small  weight,  there  seems  no  reason  why 
lamps  of  several  thousand  candle-power 
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should  not  be  mounted  as  high  as  16  ft. 
above  the  ground.  This  would  be 
effectual  both  as  regards  direction  of 
light  and  diminution  of  glare. 

It  is  to  be  noted,  however,  that  glare 
does  not  depend  only  on  intrinsic 
brilliancy  but  on  contrast.  A  motor- 
car head-light  is  considerably  more 
glaring  than  an  arc  lamp  of  the  same 
candle-jjower  in  an  opalescent  globe, 
because  in  the  latter  case  the  brightness 
gradually  diminishes  from  the  centre  to 
the  periphery,  while  in  the  former  we 
pass  suddenly  from  brightness  to  dark- 
ness. 


THE  "LAMBERT":    A  NEW  UNIT 
OF   BRIGHTNESS. 

Readers  of  American  literature  on 
illuminating  engineering  have  no  doubt 
perceived  the  appearance  of  a  new  unit, 
recently  adopted  in  that  country  for  the 
specification  of  brightness  value,  the 
''  lambert,"  and  it  occurred  to  us  to  give 
the  definition  of  this  term.  A  lambert 
is  the  brightness  of  a  surface  which  emits 
one  lumen  per  square  centimetre  of 
radiating  surface.  The  term  can  be 
applied  both  to  surfaces  which  produce 
light  (such  as  the  flame  of  a  candle,  an 
incandescent  mantle,  or  a  globe-screened 
electric  lam}))  or  to  surfaces  which  receive 
light  and  become  luminous  by  reflection. 
Thus  a  perfectly  reflecting  and  diffusing 
Siirface,  following  I^ambert's  cosine  law 
exactly,  which  received  one  lumen  per 
square  centimetre,  would  have  a  bright- 
ness of  "  one  lambert."'  In  practice 
there  arc  no  such  surfaces.  Therefore, 
Avhen  one  speaks  of  an  illuminated  area 
as  having  a  brightness  of  so  many 
lamberts  one  means  that  it  has  a  bright- 
ness equivalent  to  that  of  an  ideal 
reflecting  surface  receiving  one  lumen  per 
square  centimetre.  The  ordinary  gas 
flame  has  a  brightness  of  about  one 
lambert ;  this  is  about  7  per  cent,  less 
than  a  surface-brightness  of  one  foot- 
candle. 


SELENIUM  CONTROL  OF  TORPEDOES. 

In  the  Electric  World  some  time  ago* 
the  suggestion  was  made  that  torpedoes 
might  be  automatically  directed  to  follow 
and  sink  warships  carrying  search-lights, 
by  means  of  selenium  cells.  Mr.  B.  F. 
Meissner  has  constructed  an  "  electric 
dog,"  i.e.,  a  small  vessel  on  rollers  whose 
mechanism  is  controlled  by  a  selenium 
cell  and  which  follows  the  beam  of  a 
small  hand-lamp  carried  about  the  room. 
It  is  suggested  that  in  night  operations 
a  selenium-controlled  torpedo  might  react 
in  a  similar  manner  to  the  beam  of  a 
distant  search-light,  so  that  any  ship 
using  a  search-light  to  detect  submarines 
would  automatically  bring  about  its  own 
destruction. 

*May  1st,  1915. 


SYNTHESIS    OF    COLOURS    BY  THE 
THREE-COLOUR  METHOD. 

It  is  well  known  that  there  are  avail- 
able instruments  for  accurately  analysiiig, 
according  to  an  arbitrary  scale,  the  colour 
of  different  glasses  and  fabrics,  and  in 
Germany  an  instrument  was  brought  out 
some  time  before  the  war  which,  by  the 
rotation  of  one  of  a  pair  of  Nicol  prisms, 
between  which  is  placed  a  piece  of 
quartz,  enables  any  desired  tint  to  be 
reproduced. 

A  simple  a])paratus  for  the  same 
object  has  been  produced  in  the  United 
States  by  Mr.  M.  R.  Pevear.*  It  employs 
a  combination  of  three  iO-watt  lamps  in 
front  of  which  are  placed  respectively 
sheets  of  red,  green  and  blue  glass.  The 
combined  light  from  the  three  lamps 
illuminates  a  white  surface,  and  each 
lamp  is  controlled  by  a  separate  rheostat. 
By  this  adjustment  a  wide  range  of 
complex  colours  can  be  produced  and 
any  desired  tint  exactly  matched.  The 
same  principle  has  long  been  employed 
for  the  production  of  colour-effects  in 
stage  lighting,  and  in  a  compact  form 
the  apparatus  would  no  doubt  be  use- 
ful in  trades  concerned  with  coloured 
fabrics. 

*Elec.  World,  Fob.  13tb,  1915. 
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THE    PROPER    METHODS    OF    COMPARING   GAS    AND 

ELECTRIC    LAMPS. 

COMPARISON    ON    A    LUMEN    BASIS. 


An  article  by  G  C.  Shadwell  in  the 
American  Gaslight  Journal  for  Jan.  31st 
1916,  points  out  some  of  the  sources  of 
uncertainty  in  the  comparisons  often 
made  between  gas  and  electric  light  as 
commonly  made.  Such  comparisons  are 
inevitably  much  affected  by  local  circum- 
stances. The  conditions  which  decide 
a  consumer  to  use  gas  in  preference  to 


other  an  electric  incandescent  lamp  of 
about  the  same  candle-power  described 
in  "  Engineering  Data  "  of  the  General 
Electric  Co.  (U.S.A.)  April,  1915.  The 
comparison  works  out  as  follows  : — 

The  small  upright  burner  gas  lamp 
was  used  with  water-gas  (0'717  s.g.)  giving 
632  B.Th.U's.  per  cubic  ft.  Othei  data 
available  are  : — 


Consumption. 

M.S.C.P. 

Lumens. 

Lumons. 

Pressure. 

per  B.Th.U. 
per  hr. 

per  cub.  ft. 
per  hr. 

2-5  in. 

1-21  cub.  ft. 
per  hr. 

27-0 

338-8 

0443 

296-6 

The  electi 

ic  lamp  (multiple  tungsten  inct.)  is  described  as  follows 

— 

Volts. 

Watts. 

M.S.Cp. 

M.S.C.P.           L^^,^3. 
per  watt. 

Lumens, 
per  watt. 

105—125 

40 

30-4 

0-76 

381 

9-52 

electricity  or  vice  versa  often  include 
many  factois  which  cannot  conveniently 
be  introduced  into  a  pure  comparison  of 
cost. 

But  it  is  at  least  desirable  that  cost- 
comparisons  should  be  conducted  on 
lamps  of  about  the  same  intensity  and 
should  be  free  from  avoidable  ambiguities. 
For  example,  both  in  the  case  of  gas  and 
electric  lumps,  the  candle-])0wer  is 
often  assumed  in  some  ])articular  direc- 
tion, without  consid(>ring  whether  the 
com])arif>on  will  hold  good  for  the  light 
at  other  angles.  The  author  tlierefore 
suggi  sts  that  comparisons  should  be  made 
on  the  l)asis  of  the  total  out])ut  in  lumen- 
hours  during  a  specified  ])eriod.  It  is  also 
proposed  that  the  quality  of  gas  used 
should  be  specified  and  that  gas  lamps 
should  be  rated  on  the  basis  of  "  lumens 
per  B.Th.U.  per  hour." 

In  order  to  illustrate  his  method  the 
author  makes  a  comparisoji  of  two  lum])s, 
one  described  in  the  Proceedings  of  the 
Am.  Gas  Institute  for  1912  (p.  322),  the 


Assuming  the  cost  of  gas  to  be  1  dollar 
(4s.  2d.)  per  100  cub.  ft.,  and  the  electric 
energy  to  cost  0.1  dollars  (approx.  5d.) 
per  unit,  the  costs  for  the  two  lamjis  will 
be  :— 
Electric  lamp,  cost  per  lumen  per  hour= 

0-1  Xl 

9-52x1000"" 
•0000105  dollars  (=0-0002d.  approx.) 

Gas  Icimp,   cost  per  lumen  per  cub.   ft 
per   hi.=; 

1 


296-6x1000 
•0000031  dollars(  =  -00007d.  approx.) 

The  ratio  of  costs  is  therefore  a})])rox. 
3:  1. 

Naturally  the  assumptions  made  would 
not  necessarily  ai)ply  in  this  country, 
(where  the  costs  of  gas  and  electricity  ar*^ 
different),  and  ajjart  from  this  it  should 
only  be  regarded  as  applyiiig  to  the  units 
in  ([uestion  and  not  to  gas  and  electric 
lighting  generally. 
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LIGHT-REFLECTING    VALUES    OF    WHITE    AND 
COLOURED    PAINTS. 


A  PAPER  on  this  subject  by  H.  A.  Gardner 
recently  appeared  in  the  Journal  of  the 
Franhlin  Institute  (Jan.,  1916).  The 
difficulty  in  estimating  the  reflecting 
power  of  coloured  materials  licn,  not  only 
in  the  colour-difficulties  inevitably  in- 
volv^ed  in  a  comparison  with  white  light, 
but  also  in  the  complexities  introduced 
by  surfaces  which  are  not  matt,  but  more 
or  less  glossy.  Such  surfaces  appear  to 
have  a  different  reflecting  value  according 
to  the  angles  from  which  they  are  viewed, 
and  the  best  method  would  appear  to  be 
to  take  note  of  the  light  reflected  in  all 
directions. 

Tn  order  to  accomplish  this  result  the 
author  makes  use  of  the  following  arrange- 
ment. A  disc  3J  in.  diameter,  coated 
with  the  paint  in  question,  is  placed  at  the 
centre  of  an  integrating  sphere  (Ulbricht 
globe)  and  illuminated  by  the  light  of  a 
concentrated  filament  lamp  shining 
through  an  opening  in  the  top  of  the 
sphere.  The  light  fell  on  the  disc  at  an 
angle  of  45  degrees.  Practically  all 
reflected  light  is  received  by  the  walls 
of  the  sphere  and  is  measured  by  means 
of  an  observation  window  in  the  usual 
way. 

For  the  purpose  of  standardisation  such 
surfaces  are  compared  with  an  arbitrary 
standard  white  material.  For  this 
purpose  a  block  of  magnesium  carbonate 
is  used,  the  comparison  being  efiect(  d  by 
substituting  this  for  the  surface  to  be 
tested  within  the  globe.  The  coefficient 
of  reflection  of  this  material  was  found  by 
Nutting,  Jones  and  Elliott  to  be  88  per 
cent.* 

Using  this  figure  as  a  basis  the  author 
finds  the  following  values  for  the  reflecting 
power    of    various    pigments    used    for 


colouring  walls 
Colour. 

White  Standard 

(Mag.  carbonate) 
Light  cream 
Light  pink 


Cocff.  of 
reflection. 
per  cent. 
88 

66 
60 


Colour. 

Coeff  of 
reflection. 

per  cent. 
Light  Yellow 58 

Light  blue 

.       55 

Light  greenish  yellow   . 

.       54 

Light  buff 
Light  green 
Light  terra-cotta 

.       52 
.       42 
.       41 

Medium  terra-cotta 

.       39 

Light  greenish  blue 

.       36 

Medium  blue 

.       32 

Warm  green 

.       19 

Medium  green     . . 

.       14 

Red           

.       12 

Blue,  dark 

.       12 

Green 

.       11 

*  Trans.  111.  Eng.  Soc.  U.S.A.,  Vol.  9,  No.  7,  1914. 


The  value  of  this  determination  is 
increased  by  the  fact  of  the  author 
giving,  side  by  side  with  the  above  figures, 
an  inset  on  which  actual  coloured  samples 
of  the  materials  tested  are  attached. 


ENGINEERING  STANDARDS 
COMMITTEE. 

At  its  main  meeting  on  Friday,  July 
14th,  1916,  the  Engineering  Standards 
Committee  passed  two  Eesolutions 
placing  on  record  their  deep  sense  of  the 
loss  sustained  by  them,  and  by  the 
Engineering  Industry  generally,  in  the 
tragic  deaths  of  Sir  Frederick  Donaldson 
and  Mr.  Leslie  S.  Eobertson. 

Sir  Frederick  Donaldson  rendered  ex- 
tremely valuable  services  to  the  cause  of 
Engineering  Standardisation,  especially 
in  his  capacity  as  Chairman  of  the 
Sectional  Committee  on  Screw  Threads 
and  Limit  Gauges. 

In  the  death  of  Mr.  Leslie  S.  Robertson 
the  Engineering  Standards  Committee  has 
lost  an  able  and  energetic  secretary,  and 
the  Committee  recognise  that  the  move- 
ment owes  a  very  deep  debt  to  the 
ability  he  brought  to  bear  upon  many 
difficult  problems,  which  arose  in  the 
course  of  its  growth. 
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A    YEAR'S    PROGRESS    IN    ILLUMINATING 
ENGINEERING. 

A  Report  presented  by  the  Committee  on  Progress  (Mr.  F.  E.  Cady,  Cliainnaii,  Mr.  T.  J.  Litle, 
Mr.  L.  B.  Marks,  Mr.  T.  W.  Kolph),  at  the  Ninth  Annual  Convention  of  the  Illuminating 
Engineering  Society,  held  in  Washington,  September  20th  to  23rd,  1915  ;  slightly  abbreviated. 

{Continued  from  Vol.  VIX.,  March  1916,  p.  106.) 


Street  Lighting. 

Display  Lighting.^A  general  survey  of 
the  progress  in  the  lighting  of  streets 
shows  that  there  has  been  a  decided 
increase  in  ornamental  lighting''^  for 
advertising  purposes,  so-called  "  White 
Way  "  lighting.  Among  the  cities  where 
such  installations  have  been  made  during 
the  past  year  may  be  mentioned  Portland, 
Ore., 93  -where  a  system  has  been  placed 
on  one  of  the  business  streets  consisting 
of  crossed  structural  steel  arches  bridging 
the  crossings  and  supported  on  concrete 
columns.  Each  of  these  arches  is  out- 
lined by  192  incandescent  lamps  placed 
on  the  under  side.  "  White  Way  "  light- 
ing has  also  been  installed  in  Newark, 9* 
N.J.,  using  lamps  of  500  candlepower  ; 
in  Louisville,»5  Ky.  ;  in  Lowell, ^^  Mass., 
where  234  magnetite  6.6-ampere  arc 
lamps  have  been  used,  placed  14.5  ft. 
(3.20  m.)  above  the  sidewalk  and  with  a 
maximum  distance  between  units  of 
120  ft.  (00.00  m.)  and  a  minimum  of 
50  ft.  (15.24  m.),  lamps  being  located 
as  far  as  possible  on  alternate  sides  of  the 
streets ;  in  Union, ^^  N.J.,  where  40 
gas-filled  500-watt  tungsten  lamps  were 
used ;  in  Paterson,^^  N.J.  ;  in  Sioux 
Falls, 99  S.D.,  where  156  luminous  arc 
6.6-ampere  lamps  have  been  placed  six 
to  the  black  in  a  staggered  arrangement ; 
in  Sandusky,!""  0.,  where  14  city  blocks 
are  involved  and  380  gas-filled  tungsten 

91  N.  E.  L.  A.  Bui.,  May,  1915,  p.  340. 
Elec.  World,  Mar.  27,  1915,  p.  805. 

92  Municipal  Jour.,  June  24,  1915,  p.  886. 

93  Pop.  Mech.,  July,  1915,  p.  101. 

9-1  Elec.  Rev.  and  W.  E.,  Nov.  14,  1914,  p.  954. 
96  Elec.  Rev.  and  W.  E.,  Nov.  14,  1914,  p.  9.54. 

96  Elec.  Rev.  and  W.  7iJ.,  June 5, 1915,  p.  1039. 

97  Elec.  World,  Juno  26,  1915,  p.  1697. 

98  Munici/pal  Jour.,  May  ^11,  1915,  p.  740. 

99  Light.  Jour.  (U.S.),  May  1915,  p.  98. 

100  Elec.  Rev.  and  W.  E.,  May  22, 1915,  p.  963. 


lamps  of  250  candlepower  each  are 
mounted  on  two-light  standards  approxi- 
mately 50  ft.  apart ;  furthermore  a  com- 
plete lighting  system  for  the  city  is 
being  installed  consisting  of  920-60 
candlepower  and  100  candlepower  lamps 
of  the  same  ty])e  ;  in  Cleveland,  where 
600  gas-filled  20-ampere  tungsten  lamps 
are  mounted  on  standards  with  a  special 
type  of  glassware  consisting  of  a  refractor 
to  give  the  desired  distribution  of  illum- 
ination, and  an  enclosing  globe  with 
roughened  surface  which  is  designed  to 
have  a  pleasing  appearance  without 
materially  changing  the  distribution  due 
to  the  refractor  ;  in  Charleston,  W.  Va.,ioi 
where  62  ornamental  luminous  4-ampere 
arc  lamps  have  been  installed  ;  at  Malone, 
N.Y.,102  where  400-candlepower  gas- 
filled  tungsten  lamps  mounted  on  orna- 
mental posts  were  installed  ;  at  St.  Cloud, 
Minn. ,103  where  the  number  of  arc  lamps 
was  increased  to  100  and  changed  to  the 
luminous  or  magnetite  type. 

There  isioi  a  tendency  away  from  the 
use  of  five-lamj)  standards  for  a  "  AVhite 
Way  "  lighting  inasmuch  as  they  arc  too 
prominent  in  the  daytime.  Preference 
to-day  inclines  toward  a  single  or  at 
most  a  double-light  unit  with  a  com- 
paratively high  candlepower  lamp.  The 
introduction  of  the  gas-filled  tungsten 
street  series  unit  has,  in  general,  resulted 
in  increasingios  the  candlepower  used 
and  not  in  decreasing  the  wattage.  In 
addition  to  the  improvement  in  efiiciency 
the  new  construction  has  made  possible 
an  extension  in  the  range  of  candle- 
powers    available    thus    giving    greater 

101  Municipal  Jour.,  Julv  22,  1915,  p.  114. 

102  Eire.  Rev.  and  W.  E.,  July  31,  1915,  p.  ISO. 

103  Municipal  Jour.,  May  27,  1915,  p.  729. 
10-1  Elec.  World,  May  22,  1915,  p.  1328. 

10  5  iV".  E.  L.  A.  Bid.,  Mar.,  1915,  p.  171. 
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flexibility  to  this  type  of  lighting.  The 
feasibility  of  replacing  arc  lamps  with 
incandescents  for  street  lighting  has 
been  agitated  ever  since  the  introduction 
of  incandescent  units  of  sufficient  inten- 
sity to  produce  comparable  results. 
The  question  has  been  re-opened  since^^s 
the  introduction  of  the  high  candlepower 
tungsten  lamps.  Numerous  tests  have 
been  made  and  reports  given  on  the 
relative  merits  of  the  two  types  of  illu- 
minants  and  on  the  relative  cost  of 
operation.  But  there  are  so  many  factors 
entering  into  the  problem  that  it  seems 
increasingly  difficult  to  draw  even  general 
conclusions. 

[After  this  thei'e  follows  an  account  of 
the  lighting  arrangements  adopted  in 
various  American  cities  (with  reference 
Nos.  107—121),  which  restrictions  of 
space  compel  us  to  omit.     Ed.] 

Investigations. — The  investigation  of 
street  lighting  being  carried  on  under  the 
joint  auspices  of  committees  of  the 
National  Electric  Light  Association  and 
the  Association  of  Edison  Illuminating 
Companies  and  which  was  started  last 
year  isisa  still  uncompleted.  To  properly 
interpret  results  already  obtained  requires 
a  complete  knowledge  of  the  conditions 
and  no  attempt  will  be  made  to  sum- 
marise them  in  this  report.  Another 
investigation  of  the  factors  connected  with 
effective  illumination  of  streets  has  been 
directed  toward  a  study  of  the  effect  of 
glare  on  visual  acuity.  The  methodi23  of 
test  consisted  in  making  observations  of  a 
special  visual  acuity  test  chart  first  with 
the  street  lamps  off  and  then  under 
ordinary  lighting  conditions.  Among  the 
conclusions  reached  were  that  merely 
surrounding  a  brilliant  source  of  light  by 
a  diffusing  globe  does  not  materially 
diminish  blinding  effects.  Mounting 
heights  less  than  20  ft.  (6.09  m.)  should 
be  avoided  if  possible  and  heights  less 

106  Jour.f.  Gas.,  Aug.  1,  1915,  p.  777. 
Elec.   World,  June  19,  1915,  p.  1594. 
Ibid.,  July  10,  1915,  p.  100. 
Elek.  u.  Masch.,  Feb.  7,  1915,  p.  73. 
Elelc.  ZeiL,  June  3,  1915,  p.  269. 

122  Trans.  /.  E.  S.,  9,  1914,  p.  536. 
Report    of    Committee    on    St.     Light. 

N.  E.  L.  A.,  Juno,  1915.  See  also  Trans. 
A.  I.  E.  E.,  July,  1915,  p.  1379 

123  Elec.  Rev.  and  W.  E.,  Mar.  6,  1915,  p.  439. 


than  15  ft.  should  never  be  employed. 
When  the  height  is  relatively  low  the 
candlepower  between  the  angles  of  65*^ 
and  90°  from  the  vertical  should  also  be 
relatively  low.  So  far  as  avoidance  of 
glare  is  concerned  there  is  no  object  in 
increasing  the  height  beyond  50  ft. 
(15.24  m.). 

Other  Exterior  Illumination. 

The  continued  improvement  in  illumi- 
nants  is  reflected  in  the  spread  of  out- 
door-lighting of  all  kinds  and  the  use  of 
light  more  than  ever  before  for  a  variety 
of  purposes.  Thus  a  real  estate  dealer 
arranges  to  have  a  new  sub-division 
highly  illuminatedi2*  and  rapidly  sells  his 
lots  to  customers  who  have  come  out  to 
view  them  at  night.  Improvements  in 
distance  lighting  and  controli25  have 
made  feasible  the  employment  of  gas  in 
places  where  its  use  had  previously  been 
considered  impossible.  A  big  extension 
is  to  be  noted  in  the  use  of  light  for 
exterior  advertising  purposes. 

Flood-lighting. — One  of  the  most 
striking  illustrations  of  the  modern 
"  flood-lighting  "  method  of  illuminating 
the  exterior  of  buildings  is  to  be  found 
in  the  lighting  of  the  Woolworth  build- 
ingi2  6  ij-^  New  York  City,  which  was  dis- 
closed to  public  view  at  the  beginning  of 
the  year.  It  has  been  said  that  more 
light  is  provided  for  the  illumination  of 
the  tower  than  is  usually  employed  in 
lighting  a  city  of  30,000  inhabitants. 
600  automobile  projector  units  fitted  with 
250-watt,  gas-filled  tungsten  lamps  are 
used  to  throw  light  on  the  structure  from 
the  thirtieth  to  the  fifty-eighth  storey. 
These  projectors  are  arranged  so  that 
some  throw  their  light  upward  and  the 
rest  throw  their  light  downward.  Thus 
there  is  one  continuous  diffusion  of  light 
over  the  whole  surface.  The  lamps 
throwing  light  downward  are  carefully 
screened  so  as  not  to  be  directly  visible 
from  the  street.  The  most  novel  point  of 
the  installation,  however,  is  at  the  six- 
tieth storey  called  the  "  crow's-nest  "  or 
"  lantern."  It  has  been  enclosed  with 
diffusing  glass  and  within  are  placed 
twenty-four  1,000-watt  lamps.     An  auto- 

124  Eke.  Bev.  and  ir.  E.,  May  8,  1915,  p.  856. 

125  Gas  Age,  July  1,  1915,  p.  5. 

126  Elee.  itev.  and  IF.^.,  June 5, 1915, p.  1048. 
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mobile  dimmer  connected  with  these 
himps  continuously  alters  their  intensity 
in  an  irregular  cycle.  Thus  at  one 
instant  the  glass  surface  of  the  lantern 
shows  a  deep  red  glow  no  brighter  than 
the  adjacent  gilded  structure,  and  again 
it  flares  up  to  a  bright  white  light  many 
times  this  brightness  and  visible  for  miles. 
The  flood-lighting  idea  has  been  much 
extended  in^^^  the  illumination  of  adver- 
tising signs  on  billboards,  water  tanks, 
roofs  of  buildings,  side  walls  and  else- 
where. In  such  cases  the  effect  is 
accomplished  by  directing  a  beam  of 
light  against  the  sign  from  some  near-by 
convenient  location,  and  a  new  lighting 
unit  of  high  intensity  utilising  a  parabolic 
reflector  has  been  recently  developed  for 
this  special  purpose. 

Lighting  of  Sjwrts. — The  lighting  of 
courts  for  tennis  and  other  sports  has 
proved  so  satisfactory  that  the  idea  is 
being  tried  out  in  a  number  of  different 
ways.  A  playground  in  a  city  park  has 
been  illuminated  so  that^^s  its  various 
amusements  are  available  at  night  as  well 
as  by  day.  Five  750-watt,  gas-filled 
tungsten  lamps  are  used  to  light  the  foot- 
ball field  while  1,000-watt  units  are  used 
to  illuminate  the  swings  and  gymnasium 
apparatus.  These  units  are  placed  20  ft. 
(6.09  m.)  above  the  ground  on  goose-neck 
boulevard  posts.  A  test  was  made  at 
the  Indiana  State  Fair  grounds  recently 
of^29  a,  system  of  illumination,  in  order 
to  try  out  the  practicability  of  automobile 
racing  at  night.  The  result  was  a  com- 
plete success.  Lights  of  the  type  us.  d  in 
contracting  and  railroad  work  for  emer- 
gency operations  at  night,  were  placed 
at  intervals  about  the  track.  Each  light 
was  supplied  from  its  own  cylinder  of 
dissolved  acetylene.  In  another  case^^" 
an  outdoor  skating  rink  used  for  the  sport 
of  curling  has  been  lighted  by  tungsten 
lamps  installed  on  two  lines  of  stray 
wires,  extending  the  length  of  the  rink, 
and  about  35  ft.  (10.66  m.)  apart.  Extra 
illumination  is  furnished  at  the  ends  over 
the  goals.  The  lamps  hang  about  15  ft. 
above  the  surface  of  the  ice. 


^^T  Eire.    Merchandise,   Dec,    1915,    p.    ."^Of). 
See  also  Cent.  Sfn.,  May,  1915,  p.  ^4(i. 
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A  sign  of  progressi^i  is  to  be  noted  in 
the  installation  of  a  lighting  system  on 
the  celebrated  wall  which  surrounds  the 
block  in  Salt  Lake  City  enclosing  the 
famous  Tabernacle  and  Temple.  The 
wall  is  approximately  12  ft.  (3.65  m.)  high 
and  will  be  lighted  by  high  power  lamps 
located  every  50  ft.  (15.24  m.). 

Because  of  the  scarcity  of  kerosene 
there  has  been  an  extension  of  gas  and 
electric  lighting  in  Germany,!^^  alcohol 
and  acetylene  being  adopted  in  the 
country  districts. 

Interior  Illumination. 

The  trend  in  interior  lighting  continues 
to  be  in  the  direction  of  protecting  the 
eyes  from  excessive  brightness. 

Hotel  Lighting. — A  recently  finished, 
andi33  what  is  claimed  to  be  largest  hotel 
in  Europe,  has  been  fitted  throughout  with 
the  semi-indirect  system  of  illumination. 
The  lighting  has  been  so  arranged  that 
corridor  lights  are  independent  of  those 
in  adjacent  bedrooms.  In  the  dome  of  the 
rotunda  court  a  novel  plan  has  been 
adopted  of  introducing  opal  bulls-eyes 
with  a  lamp  behind  each,  into  the  risers 
which  support  the  glazing  of  the  dome. 
Around  the  dome  cornice  is  a  ring  of 
lamps  which  are  concealed  from  view  at 
the  floor  level  but  throw  a  considerable 
volume  of  light  upward  into  the  dome. 
Some  6,000  lamps  are  used  in  this  hotel. 
In  England!  3-t  the  use  of  high  pressure  gas 
is  being  extended  to  factory  lighting. 

Municipal  Buildings. — While  a  private 
enterprise  is  quick  to  see  and  adopt 
improvements  in  lighting  sources  and 
methods,  the  municipally  controlled 
institution  has  in  the  past  exhibited  a 
decided  inertia  in  this  respect.  A  start 
has  been  made  in  Boston^^^  to  remedy 
this  and  the  replacement  of  old  types  of 
lamps  of  low  efficiency  has  already  brought 
about  a  marked  saving  to  the  city.  The 
change  has  been  so  satisfactory  that  one 
of  the  city  engineers  is  to  devote  his  entire 
time  during  this  year  to  imjn'oving  the 
lighting  of  buildings  in  the  school,  police 
and  fire  departments. 

131  Elec.  Mrrehfindise,  Apr.,  1915,  p.  82. 
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Office  Buildings. — Heavy  glass  parti- 
tions wiiich  are  translucent,  substantial, 
sun-proof,  and  fire-proof,  are  being  intro- 
duced, as  ai3  6  means  of  distributing  sun- 
light through  large  office  buildings,  with- 
out lessening  the  privacy  of  the  various 
offices.  These  partitions  are  built  of  clear 
glass  units,  2  in.  (50.80  cm.)  thick,  and 
either  6  or  8  in.  square,  which  are  reduced 
to  translucency  by  impressed  designs. 

Hospitals. — That  the  educational  work 
of  the  Society  on  the  subject  of  colour 
and  glare  is  bearing  fruit,  is  seen  in  the  use 
of  green  and  buft"  for  the  colour  of  the 
walls  in  a  large  Western^^?  hospital. 
White  had  always  been  used,  but  it  was 
found,  on  trial,  that  the  discomfort  coming 
from  the  necessity  of  eye-adaptation  on 
the  part  of  surgeons  looking  up  from 
their  work,  and  seeing  only  white-clothed 
assistants  and  white  walls  was  largely 
eliminated  with  the  use  of  other  colours. 
The  effect  on  patients  has  also  been 
beneficial.  In  another  large  city  hos- 
pital a  rather  unique  use  of  the  mercury 
vapour  lamp  is  found  in  its  employment^^s 
for  examination  of  X-ray  skyographs. 

Street  Raikvay  Cars. — A  growing  recog- 
nition of  the  importance  of  proper  lighting 
in  every  sphere  of  activity  is  illustrated 
in  thei39  recent  extensive  tests  conducted 
by  a  large  municipal  railway.  A  full 
sized  template  car  was  built  and  tested 
when  equipped  with  direct,  semi-indirect, 
and  totally  indirect  systems  of  lighting. 
The  general  effect  and  appearance  of  each 
system  under  test  were  judged  by  com- 
parison with  present  methods  of  car 
lighting  for  similar  service.  The  effect  of 
the  light  on  the  eyes  was  particularly 
noted  by  a  large  number  of  observers. 
The  system  finally  adopted  consists  of  a 
single  row  of  56-watt,  bowl-frosted 
tungsten  lamps  placed  symmetrically 
down  the  centre  line  and  equipped  with 
opal  glass  reflectors.  The  above  lamps 
were  supplemented  by  six  10-watt,  all- 
frosted  round  bulb  tungsten  emergency 
lamps.  One  big  unit  was  placed  on  each 
end-bulkhead  of  the  car  to  bring  up  the 
illumination  at  these  points.     In  the  car 

13G  Pop,  Mech.,  June,  1915,  p.  818. 

137  Poj).  Elec.  and  Mod.  Mech.,  Dec,  1914, 

p.  644. 
13«  Elec.  World,  June  5.  1915,  p.  1475. 
139  Trans.  L  E.  S.,  1915,  p.  227. 


as  finally  equipped  the  illumination 
averaged  5.91  foot-candles,  at  normal 
and  3.85  at  85  per  cent,  voltage,  the 
energy  consumption  was  1.44  watts  per 
square  foot,  effective  lumens  per  watt 
4-14  and  the  utilised  efficiency  50.6  per 
cent. 

Another  street  railway  company  is 
emphasisingi4o  the  "  Safety  First  "  prin- 
ciple by  providing  a  light  so  placed  as  to 
directly  illuminate  the  step  of  the  street 
car.  A  practical  application  of  signal 
lights  has  been  adopted  byi-n  some  of  the 
theatres  of  Vienna.  On  the  back  of  each 
seat  is  a  small  electric  lamp  which 
illuminates  the  seat  number.  As  long  as 
the  seat  is  turned  up,  as  it  usually  is  when 
not  occupied,  the  light  is  burning,  but  is 
shut  off  when  the  seat  is  turned  down. 
By  this  means  the  use  of  ushers  has  been 
materially  decreased. 

ClocJc  Tower. — A  novel  use  for  the 
method  of  indirect  lighting  is  to  be  found 
in  the  illumination  of  clock  dials  in  the 
new  Boston  Custom  House. i*^  Behind 
each  dial  is  a  chamber  with  white  walls 
illuminated  by  a  number  of  lamps. 
Numerals  of  the  dial  are  in  the  form  of 
slots  set  in  concrete  and  the  lights  in  each 
chamber  are  so  arranged  that  no  un- 
reflected  light  passes  through  the  slot. 
The  effect  is  to  make  each  numeral  appear 
as  if  cut  out  from  a  piece  of  uniformly 
lighted  paper. 

An  application  of  the  "  flood-lighting  " 
idea  was  niadei*3  recently  at  one  of  the 
automobile  shows  where  a  machine  was 
brilliantly  illuminated  by  lights  in  two 
ornamental  troughs  hung  by  chains  about 
8  ft.  from  the  floor,  and"  9  ft.  (2.74  m.)  in 
front  of  the  car. 

The  art-glass  dome  is  ordinarily 
associated  only  with  the  lighting  of 
dining-rooms,  but  it  has  been  addedi**  to 
the  long  list  of  illuminants  used  to  pro- 
duce an  attractive  show  window  illumina- 
tion. 

{To  be  continued) 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

—  •9     •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
Installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


CONCEALED  LIGHTING  IN  A  CHURCH. 

The  illustration  shows  an  interesting 
method  of  lighting  employed  in  the 
Sacristy  of  St.  Mary's  Church,  Croydon. 
The  illumination  is  derived  from  three 
Holophane  reflectors  of  special  type,  which 
carry  spiral  tungsten  filament  lamps,  the 
whole  being  arranged  to  give  a  highly  con- 
centrated downward  light.  The  units 
are  mounted  directly  behind  the  arch  at 
the  exceptional  height  of  20  ft.  This  has 
the  effect  of  making  the  altar  stand  out 
prominently,  and  the  restful  effect  is  well 
adapted  to  church  lighting.  The  illumin- 
ation on  the  altar  was  found  to  be  2  to 
2"  5  foot-candles.  A  similar  arrangement 
is  used  for  illuminating  the  choir  and 
organ,  but  in  this  case  the  illumination 
value  is  higher,  namely,  5  to  6  foot- 
candles. 

The  whole  of  this  Chiu'ch  is  lighted 
throughout  with  Holophane  units.  Five- 
light  fittings,  with  60  watt  lamps  and 
Holophane  extensive  typo  reflectors  arc 
used  to  illuminate  the  main  body  and 
single  pendants  with  100  watt  lamps  and 
intensive  typo  reflectors  are  used  for  the 


?1i 


i  mH;iui.  , 


Effect  of  concealed  Ii.^hliiii^  with  timiislen 
lamps  and  Holophane  reflectors  in  tlie 
Sacristy  of  St.  Mary's  Church,  Croydon. 

side  aisles.  The  illumination  on  the 
reading  plane  in  tlieso  sections  is  stated 
to  bo  2  to  2-5  foot-candles. 

For  the  above  inforinntion  niid  plinto- 
gra])h  (the  lattcn-  liaving  been  tak(Mi  bj' 
artificial  light),  wo  are  indebted  to 
Holophane,  Ltd. 
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GAS   LIGHTING    IN   A   PHILADELPHIA 
CATHEDRAL. 

A  PAPER  describing  the  lighting  of  the 
Cathedral  of  SS.  Peter  and  Paul  in 
Philadelphia  was  recently  read  before  the 
Illuminating  Engineering  Societj'  (U.S.A.) 
by  Mr.  James  D.  Lee,  of  the  United  Gas 
Improvement  Co.  (of  that  city),  to  whom 
we  are  indebted  for  the  accompanying 
two  photogi-aplis  of  the  installation. 
We  observe  that  these  photographs 
appeared  in  an  article  in  the  December 
issue  of  Nciv  Business.  An  accoiuit  of 
the  installation  is  also  given  in  the 
Gas  Age  for  April  1st,  from  which  the 
following  particulars  are  taken. 

The  illustrations  suggest  that  the 
installation  is  of  an  interesting  example 
of  what  can  be  done  by  modern  gas  units 
of  a  decorative  type.  The  production  of 
artistic  gas  fittings,  particularly  those  of 
the  semi-indirect  type,  has  made  con- 
siderable headway  in  this  country  (it 
will  be  recalled  that  some  good  illustra- 
tions of  semi-indirect  lighting  were  shown 
at  the  National  Gas  Exhibition  in  1913), 
and  while  these  aspects  of  lighting  are 
inevitably  overshadowed  by  more  im- 
portant work  during  the  war,  we  look 
for  contimied  development  in  the  futiue. 

It  will  be  seen  that  the  cliief  element 
in  this  particular  installation  is  the  pro- 
duction of  soft  diffused  ilhimination 
effects,  such  as  are  naturally  suited  to  a 
cathedral.  The  fittings  are  of  the  semi- 
indirect  type,  which  is  effective  for 
illuminating  the  surroundings  and  show- 
ing up  the  architectural  features  of  the 
building.  The  units  are  so  arranged  that 
the  congi'egation  have  a  clear  and  un- 
obstructed view  of  the  main  altar  ;  and 
the  reflected  light  from  the  arches,  be- 
sides giving  a  pleasing  impression,  is  help- 
ful in  diffusing  the  general  illumination. 
The  complete  installation  comprises 
twelve  fixtures  (six  with  fifteen  mantles 
and  six  with  twelve  mantles  per  fixtiu-e), 
conforming  in  design  to  the  period  of  the 
architecture  of  the  church.  The  fixtiu-es 
are  of  massive  construction,  but  so  de- 
signed as  to  give  no  impression  of  clumsi- 
ness and  to  harmonise  with  the  building. 
Each  fixture  weighs  about  200  lbs.  The 
piping  is  quite  inconspiciious,  and  the 
control  of  the  lamps  is  effected  by  a  chain 
pull  and  pilot. 

The  lighting  is  so  arranged  as  to  be 
serviceable  for  all  occasions  requiring 
artificial  light.  Thus  at  the  early  morn- 
ing services  the  two  fixtures  on  either  side 
of  the  altar,  the  two  at  the  back  of  the 
transept,  and  the  two  forward  in  the  nave 
arc  used.  On  Sunday  all  fixtm-es  are 
lighted  from  4.30  a.m'.  until   12.30  noon 


on  dark  days.  The  full  lighting  is  also 
used  for  all  evening  services.  Two 
fixtures  are  found  to  suffice  to  enable 
people  to  find  their  way  about  in  comfort. 

Experience  shows  that  with  bm-ners 
of  the  horizontal  type  employed  2.75 
cub.  ft.  of  gas  per  mantle  are  required, 
and  approx.  315  lumens  per  cub.  ft.  of 
gas  per  hour  obtained. 

A  very  careful  study  of  the  conditions 
of  brightness  giving  the  best  effect  was 
made,  and  the  following  joarticulars  are 
given  bv  Mr.  R.  F.  Pierce,  of  the  Welsbach 
Co.  :— ' 

A.  0-00185  o.p.  per  sq.  in.,  arches  of  chapels. 

B.  0-00185  c.p.  per  sq.  in.,  domes  of  chapels. 

C.  0-300  c.]i.  per  sq.  in.,  ceiling  of  nave. 

P.  0-301  c.p.  per  sq.  in.,  brightness  of  dish. 

E.  0-256  ft. -candles,  transept,  first  front  jiew. 
0-338  ft. -candles,  transept,  midway  to  fix- 
ture, directly  underneath. 

F.  1-74  ft. -candles,  directly  beneath  unit  No.  5 

(15  mantles). 

G.  1-37  ft. -candles. 
H.  104  ft. -candles. 
1.    1-04  ft. -candles. 

J.  0-00088  c.p.  per  sq.  in.,  brightness  of  altar. 
K.  0-000095  c.p.  per  sq.  in.,  brightness  of  darkly 

painted  walls. 
L.  0-0000  c.p.   per  sq.  in.,    brightness  of  main 

altar. 
M.  (1)  0-22,  transept  middle  aisle,  front  pew. 

(2)  0-20  transept  middle  aisle,  midway. 
N.  0-58  ft. -candles,  nave  middle  aisle,  between 

units  4  and  0. 
0.  0-38  ft. -candles,  transept  middle  aisle,  front 

pilaster. 
P.  0-58  ft. -candles,  nave  middle  aisle,  between 

units  3  and  10. 
Q.  0-58  ft. -candles,  nave  middle  aisle,  between 

units  2  and  11. 
R.  0-475  ft. -candles,  nave  middle  aisle,  under 

organ  loft. 
It  is  remarked  that  the  soft  natiire  of 
the  lighting  conditions  enables  a  lower 
ilhmiination  to  suffice  than  if  the  lighting 
were  of  a  glaring  character.  The  arrange- 
inents  have  evidently  been  the  subject  of 
careful  forethought  and  scientific  design, 
and  this  doubtless  accoimts  for  the 
.success  of  the  installation. 


A    GAS    DISPLAY    IN    JANESVILLE 

(Wis.  U.S.A.). 

We  notice,  in  New  Business,  an  account 
of  the  gas  display  at  a  recent  "  Made  in 
Janesville  Week "  at  the  city  of  that 
name. 

Great  efforts  were  made  to  render  the 
display  attractive,  both  as  regards  the 
use  of  gas  for  heating  and  cooking,  and 
for  illumination.  In  lighting  the  various 
stalls  semi-indirect  methods  plajed  a 
conspicuous  part. 
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Fig.  1.— Night  photograph,  showing  semi-indirect  gas  lighting  in  the  Cathedral 
of  SS.  Peter  and  Paul,  Philadelphia  ;    looking  towards  the  main  altar. 


Fig.  2.— Another  view  allowing  llic  efkclivc  side-lighling  of  Uie  Catiicdral. 
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PETROL    AIR     GAS     FOR     COUNTRY 
LABORATORIES. 

A  note  on.  this  subject  appeared  in  our 
last  issue,  and  we  have  now  received 
particulars  of  another  system,  the 
"  Willett  Light,"  which  we  understand 
is  specially  adapted  to  the  lighting  and 
heating  of  country  laboratories. 

The  Willett  generator  is  driven  by 
weights,  the  rate  of  revolution  is  low, 
and  all  the  essential  parts  are  constructed 
of  brass  or  copper — all  items  which  make 
for  simplicity  in  operation  and  durability 
of  the  plant.  In  common  with  the  best 
modern  plants,  the  Willett  system  is 
stated  to  be  entirely  avitomatic,  the 
quality  of  gas  being  maintained  constant 
irrespective  of  the  number  of  lights 
tiu-ned  on.  Another  featvire  is  that  gas 
is  produced  from  ordinary  No.  1  motor- 
car spirit,  easily  obtainable  in  the  most 
remote  districts. 

Wliile  readily  applicable  to  lighting 
country  houses,  farms,  churches,  &c, 
dairies,  cow-houses  and  out-buildings  of 
various  kinds,  the  application  of  the 
system  to  laboratories  where  heating  as 
well  as  lighting  is  commonly  required, 
is  of  special  interest  at  the  present  time. 
While  for  ordinary  lighting  purposes 
petrol  of  0-720  specific  gravity  (ordinary 
motor  car  spirit)  is  advised,  and  a  mixture 
of  11 — 2  per  cent,  of  petrol  with  98^—98 
per  cent,  of  air  used,  a  somewhat  richer 
mixture  is  desirable  for  laboratory  j^ur- 
poses.  In  this  case  spirit  of  0*680  specific 
gravity  is  preferred. 

In  tliis  way  a  gas  is  produced  which 
can  be  used  as  readily  as  coal  gas  for 
bunsen  burners,  blow-pipes,  muffle  fur- 
naces, &c.  In  the  case  of  countrj^  labo- 
ratories, having  no  gas-supply  available, 
this  is  obviously  an  important  point 
which  will  have  a  decided  influence  in 
determining  the  form  of  lighting  to  be 
adopted.  We  are  informed  that  among 
the  laboratories  that  have  used  this 
system  include  :  The  Royal  Naval  Air- 
ship Station  Experimental  Laboratory, 
the  laboratories  of  H.M.  ^linistry  of 
Munitions,  IMessrs.  Kynoch-Arklow,  Ltd., 
Nobel's  Explosive  Co.,  Distington  Iron 
Works,  the  Ammonia  Soda  Co.,  Ltd.,  &c. 

The  system  may  be  seen  i  n  operation 
and  all  additional  particulars  obtained  at 
W.  Willett's  showrooms  at  Sloane  Square. 
Booklets  descriptive  of  the  system  will 
be  sent  post  free  on  request. 


BOARD    OF    TRADE 
ANNOUNCEMENT. 


Coal  Supplies. 

A  circular  issued  by  the  Board  of 
Trade  on  the  subject  of  Coal  Supplies 
draws  attention  to  the  following  Regula- 
tion made  by  Order  in  Council  under  the 
Defence  of  the  Realm  Acts  on  June 
27th  :— 

"  2d.  It  shall  be  lawful  for  the  Admiralty  or 
Army  Council  or  the  Minister  of  Munitions,  or 
any  person  authorised  by  them  to  act  in  their 
behalf,  after  consultation  with  the  Board  of 
Trade,  to  give  directions  as  to  the  priority  to  be 
given  in  the  execution  of  orders  or  contracts 
for  the  supply  of  coal  or  coke,  with  a  view  to 
securing  precedence  for  orders  or  contracts  in 
accordance  with  their  national  importance,  and 
the  owner,  agent  or  manager  of  any  mine  or 
any  other  person  affected  by  the  directions  who 
fails  to  comply  with  any  directions  so  given,  and 
any  person  who  in  any  certificate  or  document 
given  or  issued  for  the  purpose  of  securing 
priority  for  any  order  or  contract  in  pursuance 
of  such  directions  makes  any  false  statement 
or  false  representation,  shall  be  guilty  of  an 
offence  against  these  Regulations." 

In  addition.  Section  (2)  of  the  Defence 
of  the  Reahn  (Amendment)  No.  2  Act, 
1915,  provides  that  : — 

"  where  the  fulfilment  by  any  person  of  any 
contract  is  interfered  with  by  the  necessity  on 
the  part  of  himself  or  any  other  person  of 
complying  with  any  requirement,  regulation 
or  restriction  of  the  Admiralty  or  the  Army 
Council  under  the  Defence  of  the  Realm  Con- 
solidation Act,  1914,  or  this  Act,  or  any  regula- 
tions made  thereunder,  that  necessity  is  a 
good  defence  to  any  action  or  proceedings 
taken  against  that  person  in  respect  of  the 
non-fulfilment  of  the  contract  so  far  as  it  is  due 
to   that  interference." 

While  the  existence  of  these  Orders  is 
pointed  out,  it  is  stated  that  the  work 
of  the  District  Coal  and  Coke  Supplies 
Committees  has  hitherto  been  carried  on 
by  general  consent,  and  it  is  hoped  that 
few  cases  will  arise  in  which  it  is  necessary 
to  use  the  powers  conferred. 
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View  by  day. 
Night  and  day  views  of  a  large  35  x  70  ft.  sign  in  Indianapolis  (U.S.A 
of  artificial  "  flood-lighting." 


In  a  recent  number  of  The  Illumina- 
ting Engineer*  we  reproduced  a  view 
of  the  Woolworth  Building  Tower  in  New 
York,  which  is  ilhuninated  by  concealed 
projector  lamps.  The  accompanjang 
views  shows  some  other  examples  of  this 
method  of  lighting,  kindly  sent  to  us  by 
the  National  X-Ray  Co.  of  Chicago,  which 
show  the  striking  effects  obtainable.  It 
is  stated  that  by  the  aid  of  these  specially 
designed  focusing  reflectors,  and  with 
lamps  of  appropriate  concentrated  fila- 
ments, an  equivalent  candle-power  of  as 
much  as  67,000  can  be  obtained  by  an 
expenditure  of  only  250  watts. 

One  of  the  illustrations  shows  the 
application  of  this  system  of  "  flood- 
lighting "  to  the  frontage  of  an  imposing 
Cleveland  bank.  The  other  views  illus- 
trate its  utility  for  sign  lighting.  It  has 
often  been  pointed  out  in  these  columns 
that  there  are  great  possibilities  in  con- 
cealed lighting  for  exhibition  and  spec- 
tacular purposes,  and  that  such  methods, 
which  comply  with  the  fundamental 
principle  of  "  light  on  the  object,  not  in 
the  eye,"  are  often  much  more  effective 
than  the  practice,  so  common  in  the  past, 
of  outlining  signs  and  buildings  with  clear 
bulb  electric  incandescent  lamps. 

In  the  present  circumstances, 
spectacular  lighting  is  naturally  inap- 
plicable in  this  country.  But  it  is  still 
well  worth  while  to  study  its  possibilities 
with  a  view  to  development  after  the 
termination  of  the  war.  Apart  from  its 
utility  for  signs  and  for  advertising  pur- 
poses, it  is  also  conceivable  that,  carefully 
applied,  it  would  have  a  genuine  use  for 
displaying  the  architectural  features  of 
buildings.     One  point,  however,  requires 

♦  April  1916,  p.  145.  ^^ 


View  by  night. 

showing  effect 


The    F'irst    Xational  Bank,  Cleveland 
(U.S.A.),  lighted  by  24  X-ray  projectors 
from  a  building  across  the  street. 
to    be    remembered.     In    most    of    these 
American   cities   the   atmosphere   is   pre- 
sumably comparatively  free  from  smoke, 
and  the  surfaces  of  buildings  do  not  so 
readily    assume    the    sooty    appearance 
common    in    London    and     other    large 
European  cities.     It  remains  to  be  seen, 
therefore,  how  far  the  comj:)aratively  low- 
reflecting  value  of  the  surfaces  of  many 
of  our  buildings  would  interfere  with  the 
application  of  concealed  lighting. 

It  is  also  possible  that,  even  in  the 
present  circinnstances,  concentrating 
imits  of  this  kind  would  have  useful 
applications  for  military  work.  Wo  un- 
derstand that  the  British  Thomson- 
Houston  Co.,  Ltd.,  are  sole  agents  for  the 
development  of  the  X-Ray  appliances  in 
this  country. 
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Occupations,  frojn  the  Social,  Hygienic  and 
Medical  Points  of  View.  By  Sir 
Thomas  Oliver,  M.A.,  M.D.,  LL.D. 
[Cambridge  University  Press,  Public 
Health  Series.     1916.     UO  pp.) 

Sir  Thomas  Oliver  is  an  acknowledged 
expert  on  this  subject.which  is  of  absorbing 
interest. 

In  the  introduction  to  this  vohime  he 
traces  the  gradual  evohition  in  industry 
following  the  introduction  of  machinery. 
The  old  cottage  handicrafts  have  dis- 
appeared. Modern  conditions  of  work 
are  more  strenuous  and  exacting  and  less 
healthy.  The  monotony  of  factory  life 
tends  to  dwarf  individviality  and  de- 
velops a  special  form  of  mental  de- 
pression which  leads  to  a  longing  for 
excitement  and  recreation  unkno^vn  in 
past  centuries.  The  investigation  and 
gradual  removal  of  these  defects  offer 
one  of  the  most  important  fields  for  study 
open  at  the  present  time. 

The  book  deals  in  turn  with  various 
factors  prejudicial  to  health,  each  point 
being  illustrated  by  striking  examples. 
Readers  cannot  fail  to  be  impressed  by 
the  evidence  supporting  many  of  the 
contentions  of  experts  on  industrial 
hygiene,  and  to  appreciate  that  these 
are  not  matters  of  conjecture,  but  the 
result  of  actual  observation  of  facts. 

The  initial  chapters  deal  with  the  air 
breathed  in  town  and  factory.  It  is  now 
recognised  that  pulmonary  diseases  are 
closely  related  to  the  presence  of  infected 
dust.     Street-dust     frequently     contains 


tubercle  bacilli,  and  a  case  is  mentioned 
in  wlaich  tarring  the  roads  adjacent  to  a 
factory  was  followed  bj-  a  diminution  in 
the  average  sick  rate  from  30  to  12  per 
cent.  In  special  trades  where  the  dust 
from  glass,  stone,  and  iron  is  prevalent 
phthisis  is  common.  In  the  Rand  Mines 
the  problem  is  particularly  grave  (rock- 
drillers,  it  is  said,  rarely  siu-vive  more 
than  6 — 7  years  occupation  in  this  work), 
but  matters  have  been  improved  as  a 
result  of  precautions  introduced  by  the 
S  African  Government  on  the  advice  of 
the  author. 

Sir  Thos.  Oliver  also  gives  some 
interesting  tables,  illustrating  the 
death-  and  sickness-rates  in  various  occu- 
pations. Agriculture  proves  to  be  one  of 
the  healthiest  employments.  The  com- 
parative mortality  in  file -making,  a  very 
unhealthy  occupation,  is  three  times  as 
gi-eat,  and  the  relatively  high  rates 
in  glass  making,  lead  working,  cutlery, 
and  other  trades  gives  some  idea  of  the 
constant  waste  of  life  and  health  in 
industry  that  has  to  be  made  good. 

Yet,  it  is  interesting  to  notice,  the 
unoccupied  do  not  escape — indeed  their 
mortality  greatlj'  exceeds  that  of  the 
workers  in  average  trades,  chiefly  owing 
to  the  prevalence  among  them  of  res- 
piratory and  nervous  diseases.  This 
seems  to  suggest — what  is  no  doubt  the 
case — that  idleness  is  on  the  whole 
prejudicial  to  health. 

A  striking  instance  of  the  physical 
deterioration  caused  by  dangerous  trades 
is  afforded  by  the  sulphur  mines  of  Sicily 
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In  this  district,  it  is  stated,  the  Italian 
Government  finds  it  almost  impossible  to 
obtain  conscripts. 

The  author  also  dwells  on  the  effects 
of  rush  and  "  speeding  up  "  in  causing 
accidents  and  inducing  fatigue.  He  re- 
produces Haegler's  curve,  showing  the 
coui'se  of  rec\i2ieration  during  the  night's 
rest,  and  the  progressive  increase  of 
fatigue  during  the  working  week.  A 
rest  of  one  day  in  seven  is  fully  justified 
on  physiological  grounds.  Actual  in- 
stances are  mentioned  in  which  per- 
sistent overtime  led  to  a  diminution  in 
output,  while  shorter  spells  of  work,  with 
more  frequent  intervals  for  recuperation, 
brought  about  improvement,  both  in 
quality  and  qviantity  of  the  output. 

A  special  reference  is  made  to  the  effect 
of  unsatisfactory  illumination  in  causing 
accidents  and  increasing  the  fatigue  ex- 
perienced in  doing  skilful  work.  Poor 
lighting  conditions,  the  author  remarks, 
pay  neither  the  employer  nor  the  em- 
ployed. Special  importance  is  attached 
to  the  provision  of  adequate  illumination 
for  dark  materials,  the  avoidance  of  glare, 
the  proper  lighting  of  flights  of  stairs,  and 
the  use  of  appropriate  shades  and  re- 
flectors. 

A  chapter  is  given  up  to  the  care  of  the 
health  of  workers,  and  some  account  is 
given  of  the  social  welfare  work  now 
being  widely  organised. 

The  book  is  one  that  may  be  read  with 
profit  and  interest  by  all  concerned  with 
industrial  problems,  and  is  very  oppor- 
tune at  the  present  moment  when  so 
many  factories  are  working  at  high 
pressure. 


Trade  as  a  Science  By  Ernest  J .  P.  Benn , 
with  a  Prejace  by  Lord  Burnham. 
(Jarrold  and  Sons.      1916.      184  ]}p.) 

Lord  Burnhatvt,  in  his  introductory  pre- 
face to  this  work,  acutely  points  out  that 
while  to-day  all  the  world  is  talking  of 
trade,  "  the  only  person  who  is  silent 
about  it  is  the  tradesman."  This  jjre- 
sumably  is  due  to  the  rooted  suspicion  of 
solidarity  of  action  and  "  disinclination  to 
discuss,"  on  which  Mr.  Benn  lays  so  much 
stress.  Yet  it  is  undeniable  that  the 
tradesman  is  the  person  most  directly 
interested.  Mr.  Benn  makes  it  quite 
clear  that  while  suitable  assistance  from 
the  Government  in  many  directions  might 
be  beneficial,  it  is  to  the  efforts  of  traders 
themselves,  and  i^articularly  their  con- 
certed efforts  in  the  form  of  Trade  Associa- 


tions, that  we  must  look  for  the  solution 
of  the  present  difficulties. 

Mr.  Benn  puts  liis  case  with  moderation, 
and  deals  with  the  various  problems  in  a 
practical  way.  He  dwells  on  the  ex- 
ceptional financial  conditions  which  may 
be  expected  to  jjrevail  after  the  termina- 
tion of  war,  and  points  out  that  the  pay- 
ment of  interest  on  accumulated  debt 
must  be  met  mainly  by  producing  and 
selling  more  goods.  In  the  past  the 
British  manufactiirer  has  lost  ground  by 
conservative  methods  of  manufactxu'e, 
and  lack  of  enterprise  in  seeking  and 
utilising  new  markets,  but  he  has  always 
had  one  great  asset — -his  reputation  for 
honesty  and  the  "  square  deal." 

Most  of  the  faults  can  be  traced  to  ex- 
treme individualism — disinclination  to 
compare  exjoerience  with  others  ir  the 
same  trade,  and  apathy  in  neglecting  to 
form  powerful  Trade  Associations  of  the 
kind  existing  abroad.  Such  associations 
as  exist  in  this  country  are  not  truly 
representative,  are  poorly  supported,  and 
are  not  empowered  to  deal  with  really 
vital  problems  of  real  concern  to  the 
industry  they  represent.  Mr.  Benn  ad- 
vocates the  establishments  of  associations 
on  an  adequate  scale,  able  to  collect  in- 
formation about  foreign  markets, 
investigate  problems  in  manufactiu'e, 
freight,  etc.,  and  deal  directly  with  labour 
in  their  respective  industry.  Powerful 
bodies  of  tliis  kind,  however,  would  arouse 
suspicion  of  being  "  tru.sts,"  and  it  is 
therefore  suggested  that  they  should  be 
subject  to  some  form  of  Government 
control  under  a  Ministry  of  Commerce. 
Government  support  would  also  be  lijplp- 
ful  in  overcoming  the  initial  prejudices  of 
man.y  manufacturers.  The  need  for  a 
Minister  of  Commerce  has  been  frequently 
urged  of  late,  but  its  functions  and  con- 
stitution are  outlined  by  Mr.  Benn  in 
greater  detail  than  by  many  others  who 
have  discussed  the  matter. 

In  addition  to  the  Secretar\'  of  State 
for  Commerce,  an  Advisory  Comicil,  and 
the  Parliamentary  and  Permanent  Secre- 
taries, Mr.  Benn  suggests  that  there  should 
be  six  xmder-secretaries,  dealing  res- 
pectively with  Export,  Industrial  and 
Scientific  Research,  Commercial  Educa- 
tion, Statistics  and  Finance,  Labour, 
Exhibitions,  and  Advertising.  Finally, 
he  suggests  the  appointn^ent  of  three 
hundred  Trade  Secretaries,  whose  salaries 
are  paid  half  by  the:  Government  and  half 
by  the  Associations  they  represent. 

The  book  contains  many  novel  and  in- 
teresting suggestions,  antl  we  commend  it 
to  the  notice  of  our  readers. 
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Discovery,  or  the  Spirit  and  Service  of 
Science.  By  Prof.  R.  A.  Gregory. 
(Macmillan  and  Co.,  London,  1916.) 

Public  indifference  to  the  value  of 
science  has  often  been  ascribed  to  defects 
in  our  present  educational  system.  But 
a  secondary  explanation  is  no  doubt 
to  be  found  in  the  high  degree  of  specialisa- 
tion in  modern  scientific  work,  rendering 
it  difficult  for  the  laj-man  to  follow ; 
and  in  a  certain  lack  or  skilful  pojDular 
exponents,  willing  and  able  to  interpret 
these  things  to  a  popular  audience  in 
the  manner  of  Huxlej^  Tyndall  and  other 
great  figvu-es  of  the  past  century.  A 
work  like  Prof.  Gregory's,  interesting 
to  experts  and  yet  capable  of  being  read 
with  pleasure  by  those  who  have  no 
claim  to  scientific  attainments,  therefore 
fulfils  a  most  useful  fimction  at  the 
present  time. 

In  the  introduction  the  author  disposes 
of  the  idea  that  a  man  of  science  is  "  a 
callous  necromancer  who  has  cut  laimself 
off  from  communion  with  his  fellows," 
and  protests  against  the  conclusion, 
sometimes  drawn  by  people  horrified  by 
the  present  world-conflict,  that  science 
is  necessarilj'  connected  with  materialistic 
domination.  On  tlie  contrary  the  greatest 
men  of  science  learned  huraility  from 
their  peculiarly  exacting  vocation  and 
by  direct  contact  with  nature,  and  have 
done  much  of  their  best  work  without 
thotight  of  reward. 

The  examples  of  scientific  work  selected 
by  the  author  are  taken  from  many  fields 
and  are  designed  to  show  the  futility  of 
the  popular  disposition  to  encovirage 
only  those  varieties  of  work  which  lead 
to  immediate  practical  rewards.  On 
the  contrary  many  of  the  greatest  dis- 
coveries, which  have  had  the  most  pro- 
found influence  on  social  life,  had  no 
apparent  applications  when  they  were 
made.  Faraday's  work  on  electro- 
magnetism,  Newton's  discovery  of  the 
composition   of   white   light,   the   experi- 


ments of  Berzelius  on  the  rare  metal 
thorium,  are  only  a  few  links  in  the  long 
chain  of  researches  which  paved  the  way 
for  the  practical  exjiloitation  of  science 
to-day.  Of  equally  far-reaching  import- 
ance to  mankind  have  been  the  great 
researches  in  the  fields  of  bacteriology, 
anti-seiDtic  treatment  of  wounds,  anti- 
toxins, &c.,  some  of  which  were  under- 
taken by  the  discoverers  at  great  personal 
risk. 

At  the  present  time  a  great  deal  is 
being  said  on  the  subject  of  industrial 
research  ;  "to  the  engineer  the  fascina- 
tion of  experimental  research  lies,  as 
Captain  Cuttle  woiild  observe,  '  in  the 
application  thereof.'  "  But  it  is  to  be 
hoped  that  the  present  movement  in 
favour  of  research  will  not  be  conducted 
entirely  in  the  hope  of  immediate  material 
gain  and  that  we  shall  escape  the  mental 
attitude  which  led  the  President  of  the 
tribunal  of  Revolutionists  to  condemn 
to  death  the  great  chemist  Lavoisier  in 
179.3  with  the  cold  comment,  "  La 
Republique  n'a  pas  besoin  de  savants." 
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RAILWAY  CARRIAGE  LIGHTING. 

In  our  last  issue  (p.  205)  we  reproduced 
an  example  of  railway  carriage  lighting 
on  the  Great  Central  Railway  by  special 
Holophane  units.  The  photograph  now 
shown  illustrates  another  installation, 
namely,  a  First  Class  Coach  on  the 
London  and  South  Western  Railwaj^ 
(Electrical  Extension),  which  is  lighted  by 
six  Holophane  10  in.  Stiletto  Bowls, 
carrying  40  watt  lamps.  Here  again 
the  method  of  mounting  tlie  units  direct 
on  the  ceiling  has  been  adopted,  giving 
a  pleasing  illumination  effect  with  the 
lights  out  of  the  direct  range  of  sight 
and  absence  of  glare.  The  luinimum 
value  of  the  illumination  at  the  reading 
level  along  the  seats  is  given  as  2 '5 
ft. -candles. 

There  is  no  doubt  that  in  the  most 
modern  coaches  on  up  to  date  railways 
the  conditions  of  illumination  represent 
a  great  advance  on  those  prevailing 
a  few  years  ago,  though  in  some  cases 
progress  is  naturally  limited  by  the 
present  lighting  restrictions. 


Lighting  of  1st  class  carriage  (L.  &  S.  W.  Ry. 
electrical  extension)  with  40-watt  lamps 
and  Holophane  10  in.  stiletto  bowls. 


PROGRESS    OF    ELECTRICAL 
ENGINEERING    FIRMS. 

It  will  be  recalled  that  the  Annual 
Report  of  the  British  Westinghouse 
Electrical  and  Manvifacturing  Co.,  issued 
a  few  months  ago,  revealed  continued 
and  substantial  progress  in  spite  of  the 
war,  and  the  coinpany  appears  to  be 
reaping  the  reward  of  their  enterprise 
in  applying  scientific  methods  of  training 
and  development. 

The  Annvial  Report  of  the  General 
Electric  Co.,  Ltd.,  issued  on  July  5th, 
likewise  shows  a  steady  continuation  of 
the  progress  of  the  last  few  years.  The 
company's  works  have  been  largely 
occupied  in  the  production  of  war- 
material,  and  many  difficulties  incidental 
to  the  war  have  been  sviccessfully  over- 
come. It  is  interesting  to  note  that 
following  the  appointment  of  JNIr.  J.  Y. 
Fletcher  as  a  director  last  year,  three 
other  of  the  younger  members  of  the  firm, 
Mr.  M.  F.  Armstrong,  Mr.  G.  H.  Ide  and 
Mr.  Maurice  Solomon  have  now  joined 
the     Board . 


A  considerable  improvement  is  also 
recorded  in  the  position  of  the  British 
Thomson-Houston  Co.,  whose  Report  was 
recently  issued.  Altogether  the  prospects 
of  the  leading  electrical  manufacturing 
firms  ajipear  bright  and  there  is  good 
reason  to  expect  continued  progress  after 
the  termination  of  the  war. 


EDISWAN    ITEMS. 

The  Ediswan  Discount  tables,  appear- 
ing in  the  form  of  a  little  pocket  book, 
enable  discounts  at  rates  varying  from 
1/16  to  50  per  cent,  to  be  readily  calcu- 
lated on  sums  up  to  £1,000.  In  view 
of  the  large  and  varied  discoimts  now 
allowed  by  the  leading  manufacturing 
firms  the  booklet  should  be  of  considerable 
service  to  those  constantly  engaged  in 
quoting  or  estinnating  for  installation 
work. 

We  have  also  received  the  latest  list 
of  Ediswan  Electric  Fans,  for  alternating 
and  continuous  current.  A  usefvil 
accessory  is  the  Ediswan  Dimmer  Switch, 
which  enables  a  40-watt  fan  to  be  con- 
veniently run  at  half  speed. 
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EDITORIAL. 

Concerted  Effort  in  the  Lighting  Industry. 

The  steady'  tendency  towards  co-operation  between  different  sections 
of  the  Hghting  industry  is  illustrated  by  several  discussions  that  have 
taken  place  in  the  technical  press  during  the  past  month.  The  Report 
issued  by  the  Committee  of  the  Institution  of  Electrical  Engineers  formed 
to  prepare  a  programme  to  be  submitted  to  the  projected  Board  of  Trade 
Committee  on  the  Electrical  Trades  has  naturally  been  the  subject  of 
comment,  and  in  the  gas  journals  the  desirability  of  an  analogous  inquiry 
into  some  of  the  points  raised  in  connection  with  the  gas  industry  is  suggested. 

Again  one  of  our  electrical  contemporaries,  in  pointing  out  the  need 
for  co-operative  publicity,  refers  to  the  campaign  so  successfully  under- 
taken for  gas  by  the  British  Commercial  (ias  Association,  and  urges  the 
need  for  a  similar  effort  in  furthering  electric  lighting.  Thus  each  camp 
is  on  the  alert  to  scrutinise  and  learn  from  the  efforts  of  the  other  and  to 
make  good  an^^  omissions  thus  revealed  in  their  own  organisation. 

At  the  present  moment  uniformitv  of  policv  is  the  more  desirable  in 
view  of  the  problem  of  economising  in  coal  sujijilies.  If  full  advantage 
were  taken  of  the  resources  of  illuminating  engineering,  i.e.,  if  properly 
designed  reflectors  and  modern  lamps  and  burners  were  judiciously  used, 
an  economy  of  10  per  cent,  in  the  lighting  bills  throughout  the  country 
could  easily  be  made.  The  saving  in  coal  from  this  source  would 
probably  amount  to  hundreds    of    thousands  of   tons.      Gas  and  electric 
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supply  companies  should,  however,  adopt  a  common  policy  in  approach- 
ing the  consumer  utilising  existing  avenues  of  publicity  and  creating 
new  machinery  such  as  would  be  of  great  value  after  the  war.  No 
doubt  a  thoroughly  efficient  co-operative  scheme  of  publicity  in  con- 
nection with  electric  lighting  might  be  useful  in  this  direction,  and  in 
normal  times  it  would  also  be  of  permanent  value  to  electric  lighting  and 
to  the  cause  of  good  illumination  as  a  whole.  We  should,  however,  like 
it  to  be  understood  that  the  excellent  precedent  set  by  the  B.C.G.A.  of 
stating  the  claims  of  the  illuminant  it  represents,  without  attacking  rival 
illuminants,  should  be  followed. 

A  really  successful  movement  in  the  direction  of  popularising  the 
use  of  gas  or  electric  lighting  should  enhst  the  support  both  of  supply 
companies  and  of  the  local  contractors  and  dealers  in  lighting  appliances. 
We  beheve  that  by  the  help  of  the  platform  of  the  Illuminating  Engineering 
Societ}^  a  spirit  of  co-operation,  helpful  ahke  to  the  supply  company,  the 
dealer  in  gas  and  electrical  accessories,  and  the  pviblic,  might  be  brought 
about.  Already  many  instances  can  be  mentioned  of  results  that  could 
hardly  have  been  attained  except  b}^  the  aid  of  this  platform.  For  example, 
through  the  existence  of  this  machinery,  the  Report  of  the  Home  Office 
Departmental  Committee  on  Lighting  in  Factories  and  Workshops  has 
already  received  much  attention  and  become  widel^^  known  to  manu- 
facturers, and  will  have  an  enormous  influence  on  the  industrial  lighting 
of  the  future.  Special  mention  may  be  made  of  the  constant  references 
to  this  Report  in  the  advertisements  of  the  B.C.G.A. — an  enterprising 
and  judicious  step  that  might  equally  well  have  been  adopted  in  con- 
nection with  electric  lighting.  There  are  many  other  directions  in  which 
the  claims  of  good  illumination  could  be  brought  home  to  public  authorities 
and  Government  departments,  if  only  those  concerned  with  lighting  of 
all  descriptions  would  co-operate  in  the  illuminating  engineering  movement, 
in  a  fuller  and  wider  way. 

We  see  clearly  that  there  is  a  strong  tendency  in  this  direction.  There 
are  many  cases  where  the  local  authority  owns  both  the  gas  and  electric 
supply,  and  many  dealers  throughout  the  country  who  work  both  with 
gas  and  electric  lighting  and  require  further  education  in  their  correct  use 
and  applications.  In  the  future,  we  believe,  gas  and  electric  concerns  will 
draw  closer  together.  The  possibilities  of  joint  effort  in  this  direction 
were  foreshadowed  by  Dr.  Carpenter  at  the  meeting  of  the  South  IMetro- 
politan  Gas  Company  this  month  when  he  said  : — 

"  I  do  not  know  whether  the  pohcy  adopted  by  ParUament,  of  putting  supphers  of  gas 
or  gaseous  and  electric  energy  into  competition,  has  not  had  its  day  ;  it  may  have.  If  one 
were  to  begin  again,  one  would  not  do  what  one  is  doing  to-day,  viz.,  put  up  a  large  station 
to  produce  electric  energy  and  another  for  gaseous  energy.  We  should  look  to  see  whether 
these  supplies  should  be  undertaken  separately,  or  whether  there  was  not  a  great  deal  to  be 
said  on  the  point  of  economical  working  for  running  them  together." 

At  the  present  time  our  activity  in  many  fields  of  illuminating 
engineering  is  restricted  by  war  conditions.  But  when  peace  returns  once 
more  there  will  be  unrivalled  opportunities  for  pressing  home  the  need  for 
better  illumination  in  the  streets,  schools,  public  buildings,  &c.,  throughout 
the  country.  We  hope  that  these  possibilities  will  not  be  neglected  by 
gas  and  electric  supply  authorities  throughout  the  kingdom.  Valuable 
pioneering  work  in  this  direction  has  already  been  done  by  the  illuminating 
engineering  movement,  but  greater  encouragement  is  necessary  if  complete 
success  is  to  be  attained. 
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Education  and  Scientific  Researcli. 

In  our  last  number  we  referred  to  the  Report  issued  by  the  Consultative 
Committee  on  Scholarships  for  Higher  Education,  and  mentioned  some 
instances  of  schemes  being  promoted  to  foster  scientific  education  and 
research  in  various  parts  of  the  world. 

During  the  past  month  there  have  again  been  several  announcements  of 
interest.  The  new  President  of  the  Board  of  Education  is  Lord  Crewe, 
who,  in  view  of  his  relation  to  the  Imperial  College  of  Science,  will  doubtless 
lend  a  sympathetic  ear  to  proposals  for  developing  scientific  and  technical 
education.  His  speech  in  the  recent  discussion  in  the  House  of  Lords, 
which  covered  broad  ground,  might  doubtless  be  taken  as  an  indication  of 
the  intentions  of  the  Government. 

The  Prime  Minister  has  appointed  two  new  Committees  (1)  to 
inquire  into  the  position  occupied  by  Natural  Science  in  the 
educational  system  of  Great  Britain,  and  to  advise  what  measures  are 
needed  to  promote  the  advancement  of  pure  science  and  the  interests  of 
trades,  industries,  and  professions  depending  upon  Applied  Science, 
and  (2)  to  conduct  a  similar  inquiry  into  the  position  occupied  by  the 
Study  of  Modern  Languages. 

Another  item  of  interest  is  the  issue  of  the  Memorial  by  the  British 
Science  Guild,  which  contains  a  number  of  suggestions  for  securing  to  science 
a  more  adequate  representation  in  the  national  educational  programme 
and  in  Governmental  affairs,  special  reference  being  made  to  the 
need  for  scientifically  trained  men  in  certain  departments  of  the  Civil 
Service. 

Readers  will  also  recall  the  conference  called  by  the  Royal  Society 
some  months  ago  to  consider  the  formation  of  a  Board  of  Scientific  Societies, 
with  a  view  to  securing  the  co-operation  of  those  interested  in  pure  and 
applied  science,  promoting  the  application  of  science  to  industry,  and  dis- 
cussing questions  on  which  international  co-operation  seems  advisable. 
According  to  a  recent  announcement  the  Board  at  present  consists  of  repre- 
sentatives of  twenty-seven  scientific  and  technical  societies.  An  executive 
committee  has  been  appointed,  consisting  of  Sir  Joseph  Thomson  (Chair- 
man), Dr.  Dugald  Clerk,  Sir  Robert  Hadfield,  Mr.  A.  D.  Hall,  Prof.  Herbert 
Jackson  (Hon.  Secretary),  Sir  Alfred  Keogh,  Sir  Ray  Lankaster,  Professor 
A.  Schuster,  Sir  John  Sncll,  Professor  E.  H.  Starling,  Lord  Sydenham,  and 
Mr.  R.  Threlfall.  The  first  meeting  of  the  Board  was  held  on  July  20th, 
and  it  is  evident  that  the  scheme  is  now  assuming  concrete  form. 

Naturally  in  the  case  of  a  scheme  of  this  magnitude  a  good  deal  of 
preliminary  discussion  is  needed,  but  it  would  be  helpful  if  a  fuller  statement 
of  the  intentions  of  the  Board  and  the  proposed  methods  of  enlisting  the 
co-operation  of  scientific  and  technical  societies  throughout  the  country, 
could  be  made  at  an  early  date.  There  is  doubtless  a  very  considerable 
number  of  such  societies  anxious  to  participate  in  the  scheme  and  awaiting 
further  information  ;  and,  as  many  of  them  arc  already  engaged  in  work 
which  involves  some  degree  of  co-operation,  publicity  would  be  helpful  in 
suggesting  how  such  work  could  be  co-ordinated  with  the  programme  of  the 
Conjoint  Board,  and  how  possible  overlapping  of  effort  could  be,  so  far  as 
possible,  avoided. 
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Problems  in  Phosphorescence  and  Luminescence. 

On  page  219  we  make  a  few  notes  on  a  most  interesting  lecture  on 
"  Radium  and  other  Luminous  Compounds,"  delivered  by  Mr.  F.  Harison 
Glew  before  the  Optical  Society  (London)  last  June. 

To  the  illuminating  engineer  the  principles  involved  in  the  behaviour 
of  these  self-luminous  substances  are  of  great  scientific  interest.  The  war 
has  brought  before  us  a  number  of  special  applications  for  these  materials, 
and  who  can  say  what  their  possibilities  may  be  in  the  future  ?  The 
mysterious  production  of  light  by  the  firefly  has  often  been  referred  to  as 
an  example  of  "  cold  light,"  and  there  have  been  attempts  to  isolate  and 
prepare  synthetically  the  substances  from  which  the  luminous  effect  appears 
to  proceed.  For  many  years,  too,  it  has  been  known  that  certain  sulphides 
A\ould,  after  exposure  to  daylight,  continue  to  emit  light  in  the  dark,  and 
the  writer  has  a  very  vivid  recollection  of  some  experiments  in  this  direction 
shown  him  by  Mr.  ^^^  J.  Hammer  during  a  visit  to  the  L^nited  States  in 
1907.  It  appears  that  the  excitation  of  this  luminous  effect  is  accomphshed 
mainly  through  the  presence  of  ultra-violet  rays  and,  now  that  we  have 
a\ailable  sources  of  hght  which  are  relatively  rich  in  this  form  of  radiation, 
the  study  of  these  effects  would  be  of  great  interest  to  fighting  engineers. 
Chemists  and  physicists  have  carried  out  many  researches  in  this  field,  but 
there  still  remain  many  problems  which  have  not  yet  been  properly  in^'esti- 
gated,  and  require  for  their  solution  the  combined  efforts  of  the  chemist 
and  the  photometric  expert. 

Little  has  been  published  regarding  the  intensity  and  duration  of  the 
luminosit}^  excited  in  these  materials.  When  the  paint  has  been  exposed 
and  removed  to  a  dark  chamber  the  initial  brightness  gradually  diminishes. 
The  efforts  of  experts  will  doubtless  be  concentrated  on  the  problem  of 
increasing  the  intensity  and  duration  of  this  effect.  The  problem  of  pro- 
ducing paint  which  will  retain  its  brightness,  without  the  necessity  for 
exposure  to  daylight,  is  of  distinct  practical  importance.  In  order  to 
secure  a  relatively  "  permanent  "  effect  the  sulphide  material  is  mixed 
with  a  minute  percentage  of  a  radio-active  substance,  by  which  it  is  con- 
tinually excited,  thus  giving  a  steady  glow.  In  this  form  the  paint  has 
many  applications  for  underground  work,  for  outhning  the  figures  on 
dials  of  watches  and  scientific  instruments,  and  for  other  special  purposes. 

It  appears  that  at  present  the  surface-brightness  of  freshly  prepared 
material  may  approach  a  value  equivalent  to  0.03  ft. -candles,  which  is 
approximately  twice  the  luminositv  of  a  white  surface  illuminated  by 
strong  moonlight.  The  rate  at  which  this  initial  brightness  diminishes 
seems  to  depend  on  many  factors,  such  as  the  percentage  of  radio-active 
material  combined  ^ith  the  luminescent  sulphide. 

If  it  were  possible  to  produce  the  exciting  element  in  much  larger 
(]uantities,  the  high  cost  of  this  self-luminous  material  might  be  diminished, 
and  this  would  naturally  lead  to  a  great  extension  in  its  practical  applica- 
tions. Radium  is  still  an  expensive  article.  A  possible  substitute 
mentioned  by  Mr.  Glew  is  mesothorium,  which,  if  capable  of  manufacture 
on  a  large  scale,  may  prove  of  some  value. 

The  whole  subject  is  a  most  fascinating  one,  and  deserves  closer 
investigation  in  the  immediate  future. 

Leon  Caster. 
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SOME    PROBLEMS     IN    THE     USE    OF    ELECTRIC 
INCANDESCENT    LAMPS. 

By    ax    Engineering    Correspondent. 


The  question  of  the  rating  of  lamps  has 
been  recently  much  discussed  in  this 
journal,  especially  in  connection  with  the 
variations  in  distribution  of  light  from 
gas-filled  lamps.  There  is  a  growing 
recognition  that  the  only  satisfactory 
basis  of  comparison  is  in  terms  of  the 
total  output  of  light— either  mean 
spherical  candlepower  or  lumens.  It  is 
not  proposed  to  go  over  this  matter  again  ; 
but  it  is  of  interest  to  mention  some 
striking  figures  published  by  R.  C. 
Robinson*,  in  the  United  States.  A  com- 
parison was  made  between  four  types 
of  gas-filled  lamps,  having  differently 
shaped  filaments.  The  watts  per  mean 
horl.  c.p.  varied  between  0-595  and  0-82, 
Avhereas  the  mean  sph.  c.p.  per  watt  was 
substantially  the  same  in  each  case. 
This  shows  that  horizontal  candlepower 
is  not  a  satisfactory  basis  of  measurement 
even  for  when  comparing  gas-filled  lamps 
with  one  another— still  less  in  when  com- 
paring gas-filled  lamps  with  otlier 
illuminants. 

Life  and  Efficiency. 

Another  fairly  well  established  ])oint  is 
that  the  use  of  the  term  "  half-watt  " 
lamp  is  unsatisfactory.  "  Gas-filled  " 
lamp  is  a  better  description. 

While  the  higher  candlepower  units 
may  operate  at  aljout  0-6  watts  per 
candle  (horizontal)  the  high  voltage,  low 
candlepower  units,  it  is  well  known,  do 
not  work  at  this  efficiency.  (Tcnerallv 
speaking,  it  seems  best  not  to  descril)e 
any  tyjte  of  lani})  by  a  term  indicating  its 
efficiency,  especially  as,  in  view  of  the 
ra])id  jnogress  being  made  in  the  improve- 
ment of  such  lamps,  any  sucli  tciiii  mav 
require  revision  later  on. 

At  present  but  few  impartial  records 
of  the  life  of  such  lamps  have  been  pub- 


*  Tnuiw.    111.    Juig.   ,Si..j.,    U.S.A.,   NovcinbtT, 
I'Jlti. 


lished  in  this  country.  According  to  some 
curves  given  in  an  article  by  Pirani  and 
Meyer*  in  Germany  last  year,  the  specific 
consumption,  of  1000  watt  220  v.  gas- 
filled  lamps  increased,  in  the  course 
of  1,000  hours,  from  0-55  to  0-7  watts  per 
H.K.  (approx.  0-6 — 0-77  watts  per  candle). 
In  the  case  of  the  60  Avatt  110  v.  lamps  the 
corresponding  change  was  from  0'72 — 
0-88  watts  per  H.K.  (approx.  0-8  to  0-96 
watts  per  candle).  The  initial  lumens  per 
watt  were  given  as  14-0 — 22-8  for  various 
types  (roughly  equivalent  to  a  range  of 
0-6 — 1-0  watts  per  candle  (mean  spherical). 
AVhile  these  figures  may  be  regarded 
representative  of  good  lamps,  in  the  case 
of  inferior  types  less  satisfactory  results 
might  doubtless  be  obtained.  The  differ- 
ence between  a  good  and  poor  lamp  is 
probably  even  greater  here  than  in  the 
case  of  ordinary  tungsten  lamps  The 
manufacture  of  the  latter  has  become 
more  or  less  standardised,  and  the  general 
level  of  excellence  is  much  higher  than  a 
few  years  ago.  Gas-filled  lamps,  on  the 
other  hand,  are  still  a  novelty,  and  their 
manufacture  is  less  stereotyped.  More- 
over, their  performance  is  effected  by  a 
variety  of  factors.  For  example,  G.  8. 
Merrill  f  recently  published  some  life- 
curves,  illustrating  the  effect  of  the 
method  of  spacing  the  coils  of  the  fila- 
ment. In  the  gas-filled  lamp  a  balance 
is  struck  between  the  increased  tempera- 
ture of  the  filam<'nt  and  the  heat-losses 
conducted  through  the  surrounding  gas 
A  cliange  in  tlie  coil-s])acing  of  the 
filament  during  life  exposes  a  larger 
sujxM'ficial  area,  tlius  diminishing  the 
teni])erature  of  the  filament.  Presumably 
this  might  result  in  a  longer  actual  life  ; 
l)ut  at  the  same  time  efficiency  of  the 
li'.ni])  might  diminish  by  10  —15  per  cent. 

*  Eloktrotcchnischc  Zcitschrift,  Nos.  38  and 
3!».  I'M 5. 
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Whex    should    Gas-Filled    Lamps    be 
Used  'i 

This  leads  us  to  an  important  point  for 
consumers.  Under  what  conditions  is  it 
preferable  to  use  gas-filled  lamps  rather 
than  ordinary  tungsten  lamps  ?  Many 
people  have  veiy  hazy  ideas  on  this  point, 
and  it  would  be  a  help  if  manufacturers 
who  are  concerned  with  both  varieties  of 
lamps  would  publish  data  in  their 
catalogues,  indicating  roughly  the  cir- 
cumstances in  which  each  type  of  lamp 
is  best.  No  one  now  doubts  that  there 
is  an  important  field  of  usefulness  for  the 
gas-filled  lamps  of  high  candlepower. 
On  the  other  hand,  when  the  voltage  is 
relatively  high,  the  cost  of  current  low, 
and  the  type  of  unit  desired  of  small 
candlepower,  their  advantages  of  gas- 
filled  lamps  are  at  present  less  evident. 
The  lamps  are  still  relatively  costly,  and 
consumers  cannot  always  be  induced  to 
keep  an  adec^uate  stock  in  hand.  The 
dissatisfaction  caused  by  several  failures 
without  means  of  replacing  them  makes 
a  deep  impression,  even  though  the  con- 
sumer may  himself  be  partly  to  blame 
in  the  matter.  Irregularity  of  life  is  more 
troublesome  than  a  life  which,  though 
relatively  short,  can  always  be  relied 
upon. 

From  a  series  of  comparisons  recently 
carried  out  by  the  writer  (taking  into 
account  cost  both  of  energy  and  of  re- 
placing lamps),  it  appears  that  high 
candlepower  gas-filled  units  (3(X)  cj).  or 
over),  will  in  general  be  more  economical 
than  ordinary  tungsten  lamps  if  the  cost 
of  energy  is  "over  IJd.-  2d.  a  unit.  On 
the  other  hand,  experience  suggests  that 
the  small  100  watt  high  voltage  units  are 
at  present  usually  less  economical  than 
the  vacuum  lamps,  even  if  the  cost  per 
unit  is  in  the  neighbourhood  of  3d.  or 
4d.  a  unit. 

Other  Circumstances  affecting 
Performance    of    Gas-filled    Lamps. 

One  meets  great  diversities  in  experi- 
ence with  gas-filled  lamps,  especially  the 
smaller  units.  In  some  cases  everything 
goes  well ;  in  others  unexpected  failures 
cause  a  lot  of  trouble.  No  doubt  in  some 
instances  the  irregular  life  may  be 
attributed     merely     to     bad     luck     m 


getting  a  poor  batch  of  lamps  (and  con- 
sumers are  apt  to  remember  an  unfortu- 
nate experience  and  forget  the  times 
when  all  goes  well  !). 

But  there  are  other  suggested  explana- 
tions which  seem  to  deserve  investigation. 
One  factor  is  the  regularity  with  which  the 
lamps  are  used.  The  writer  recalls  a  con- 
versation with  a  railway  engineer  in  the 
early  days  of  metal  filament  lamps,  in 
the  course  of  which  he  was  informed  that 
the  average  life  on  this  particular  section 
of  the  line  amounted  to  several  thousand 
hours,  while  lives  of  even  7,000  hours 
were  not  unknown.  In  view  of  the 
opinion  generally  held  at  that  time  that 
metal  filament  lamps  were  not  yet 
adapted  to  withstand  the  vibration  of 
railways,  this  seemed  remarkable.  The 
explanation  apparently  lay  in  the  fact 
that  the  lamps  were  kept  burning  almost 
continuously,  and  were  rarely  switched 
off.  On  the  other  hand,  when  a  carriage 
was  detached  and  left  in  the  shed  for  a 
night,  it  was  often  found  that  quite  a 
number  of  the  lamps  failed  on  switching 
on. 

The  tendency  to  fail  when  switched  on, 
owing  to  the  high  initial  current  through 
the  cold  filament,  was  a  characteristic  of 
early  tungsten  filament  lamps.  It  is 
possible  that  this  temporary  surge  of 
current,  which  is  accentuated  in  the  gas- 
filled  lamps,  has  an  appreciable  effect  on 
their  life,  especially  in  the  case  of  the 
finer  filaments.  According  to  the  oscillo- 
graphic records  of  Pirani  and  Meyer 
(loc.  cit.)  the  initial  current  may  be  as 
much  as  15  times  the  final  value,  and  it 
may  take  0-3  seconds  before  the  steady 
value  of  the  cxirrent  is  attained.  A 
similar  eft'ect  occurs  on  breaking,  and  the 
writer  was  recently  informed  by  an 
engineer  engaged  in  some  experiments 
involving  much  making  and  breaking  that 
special  rotary  quick  break  switches  were 
found  necessary.  The  switches  previ- 
ouslv  used  would  break  8  amperes  satis- 
factorily on  an  8  ampere  arc-light  circuit, 
but  would  not  answer  on  a  4|  amp. 
circuit  containing  gas-filled  lamps. 

It  therefore  seems  advisable  to  limit 
the  switching  on  and  off  of  such  circuits 
as  far  as  possible.  This  is  confirmed  by 
the  experience  in  certain  works,  where 
the  lamps  are  kept  running  for  day-  and 
night-shifts,   and  are  only  rarely  extiu- 
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guished,  and  where  excellent  results  as 
regards  average  life  have  been  obtained. 
In  munition  works,  which  are  running 
day  and  night,  this  is  a  point  worth 
noting. 

Another  question  which  has  been  raised 
in  connection  with  gas-filled  lamps,  and 
seems  to  deserve  attention,  is  the  effect 
on  the  life  of  lamps  of  enclosing  them  in 
globes  or  fittings  with  inadequate  venti- 
lation. Owing  to  the  heat  developed  in 
these  lamp  fittings  they  require  special 
design.  Does  the  mere  fact  of  enclosing 
a  lamp  in  a  globe  or  reflector,  which  may 
limit  the  radiation  of  heat,  and  appreci- 
ably affect  the  temperature  of  the  lamp  as 
a  whole,  affect  its  life  ?  Statements  to 
this  effect  have  been  made  in  regard  to 
high  candlepower  tungsten  lamps  of  the 
ordinary  variety,  and  there  is  a  general 
impression  that  the  practice  of  covering 
lamps  with  coatings  of  lacquer,  which  has 
become  usual  since  the  outbreak  of  war 
in  order  to  comply  with  the  lighting  regu- 
lations, materially  shortens  their  life. 
Some  years  ago  it  was  even  suggested 
that  changes  in  atmospheric  temperature 
might  have  an  appreciable  effect  on  the 
candlepower  of  standard  electric  incan- 
descent lamps,  although  the  experiments 
of  the  writer  and  others  failed  to  obtain 
confirmation  in  this  case.  But  if,  as 
seems  possible,  the  enclosure  of  ordinary 
vacuum  lamps  has  any  influence  on  their 
life,  one  would  expect  this  effect  to  be 
accentuated  in  the  case  of  gas-filled  lamps, 
the  filaments  of  which  are  run  at  a  higher 
temperature.  The  matter  deserves 
scientific  investigation.  Should  this  sug- 
gestion be  confirmed  it  would  afford 
another  reason  for  preferring  well-con- 
structed fittings  which,  besides  improving 
the  distribution  of  light,  are  specially 
designed  with  a  view  to  affording  adequate 
ventilation. 

Lamps   on  alternating   Current. 

The  last  point  which  the  writer  desires 
to  raise  is  the  effect  on  vision  of  such 
fluctuations  in  light  as  occur  in  lamps 
run  on  alternating  circuits.  It  is  well 
known  that  the  cyclical  variations  in  the 
light  from  arc  lamps  run  on  an  alter- 
nating P.D.  may  be  rendered  quite 
evident.  Whether  or  no  they  are  per- 
ceptible to  the  eye,  or  have  any  fatiguing 
effect  on  it,  wlien  the  observer  is  working 


with  stationary  materials,  is  doubtful. 
But  if  such  a  light  is  used  to  illuminate 
rotating  machinery  "  stroboscopic  " 
effects  may  be  produced.  Machinery 
which  is  in  motion  may  appear  station- 
ary if  the  period  of  revolution  coincides 
exactly  with  the  cyclical  variations  in 
the  light  of  the  illumination.  In  certain 
circumstances  the  apparent  direction  of 
revolution  may  even  be  reversed,  e.g.,  the 
teeth  of  a  lathe  lighted  by  an  alternating 
arc  may  appear  to  be  moving  backwards. 
Similarly  quick  motions  of  an  implement 
in  the  hand  of  a  workman  produce  a 
succession  of  moving  images — which  is 
naturally  distracting.  It  is  in  fact 
generally  recognised  that  alternating  arcs 
are  unsuitable  for  the  illumination  of 
processes  involving  rapid  manipulation. 

If  an  incandescent  lamp  is  run  on  a 
circuit  of  low  periodicity  (as,  for  example, 
a  frequency  of  25),  the  variations  in 
brightness  are  perceptible  to  the  eye, 
and  similar  effects  might  be  produced. 
The  effect  is  naturally  most  pronounced 
with  tungsten  lamps  of  low  candlepower, 
having  thin  filaments  which  cool  and  heat 
more  readily. 

But  it  has  generally  been  assumed  that 
in  the  case  of  an  ordinary  lighting  circuit 
(with  a  frequency  of  100  or  50),  the  eft'ect 
is  inappreciable.  Experiments  have 
shown  that  a  flicker  photometer  cannot 
be  conveniently  used  for  testing  an  alter- 
nating arc  owing  to  the  production  of 
stroboscopic  bands  ;  but  no  such  eft'ect 
could  be  detected  on  an  ordinary  ligliting 
circuit  with  incandescent  lamps.  This  is 
a  fairly  delicate  test. 

The  question  has  been  raised  anew  by 
E.  A.  Salt,  in  an  article  in  the  British 
Journal  of  Photography.'^  The  author 
finds  that  a  glow  lamp  fed  from  an 
alternating  circuit  is  unsuitable  for  re- 
touching work,  and  attributes  this  to  the 
fluctuations  in  light.  The  existence  of 
such  fluctuations  was  demonstrated  as 
follows. 

A  slit  was  illuminated  by  a  200  volt 
20  watt  incandescent  tungsten  lamp  on  an 
alterating  circuit  with  a  frequency  of  50. 
An  image  of  this  slit  was  ])rojected  on  to 
a  photograpliic  plate  which  was  rotated 
during  half  a  second,  and  subsequently  de- 

*  Alternating  Current  and  Eyestrain,  Brit. 
Jnurn.  of  Photnf/nijilii/.  .Inly  7.  101(1. 
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veloped.  If  the  lamp  had  given  a  stead}' 
light  a  band  of  uniforni  brilliancy  would 
be  exjiected.  Instead  of  this  a  series  of 
a  hundred  bright  bands,  corresponding 
with  the  reversals  of  the  light,  was 
obtained.  A  55  watt  200  volt  lamp  gave 
a  similar  result. 

This  experiment  shows  the  existence  of 
cyclical  variations  in  the  light.  It  does 
not,  as  the  author  remarks,  indicate  the 
extent  of  the  variation  (which  would  be 
accentuated  or  diminished  according  to 
the  exposure),  nor  does  it  in  itself  give  any 
information  as  to  its  effect  on  vision. 
When  one  looks  at  such  a  lamp  run  on  an 
ordinary  A.C.  lighting  circuit  the  varia- 
tions in  light  occur  too  quickly  to  be 
perceived  by  the  e3^e.  It  is  not  quite  clear 
whether  the  unsuitability  of  this  light  for 
retouching  arose  through  the  production 
of  stroboscopic  effects  and  moving  images 
of  the  pencil,  or  whether,  in  the  opinion 
of  the  experimenter,  the  light  would  have 
been  equally  trying  even  for  the  illumina- 
tion of  stationary  objects. 

The  matter  is  one  which  ought  to  be 
cleared  up.  Common  experience  suggests 
that  there  can  be  no  very  marked  disad- 
vantage in  the  use  of  incandescent  lamps 
on  alternating  circuits  for  ordinary  work, 
but  it  is  conceivable  that  in  certain  cir- 
cumstances it  might  have  drawbacks, 
for  example,  in  very  fine  work,  carried 
out  over  long  intervals  of  time,  with 
moving  implements.  Here  a  small,  but 
appreciable  stroboscopic  effect  might 
have  a  cumulative  effect. 

It  is  also  possible  that,  even  when  no 
change  in  brightness  can  be  detected  by 
looking  at  the  lamp,  minute  fluctuations 
in  brightness  might  be  perceived  when  the 
eye  is  directed  on  illuminated  stationary 
objects.  This  would  depend  on  many 
factors,  such  as  the  illumination  used  and 


the  extent  of  the  variations  in  light  pro- 
duced in  the  lamp.  Experience  with 
flicker  photometers  shows  that,  even  with 
a  brightness- variation  of  20  per  cent., 
flicker  becomes  inappreciable  with  a 
frequency  of  30  per  second.*  It  hardly 
seems  likely  that  on  an  ordinary  lighting 
circuit,  with  a  frequency  of  50  or  100, 
the  variations  in  the  brightness  of 
illumination  produced  by  an  incandescent 
lamp  would  be  perceptible. 

There  is  also  the  further  distinct  ques- 
tion whether  such  cyclical  variations,  even 
though  not  directly  revealed  to  the  eye, 
either  in  the  form  of  visible  fluctuations  or 
stroboscopic  effects,  may  have  a  cumu- 
lative influence  on  vision. 

Conceivably  even  those  changes  occur 
too  rapidly  to  be  recognised,  they  might 
have  a  fatiguing  effect  on  the  nerves  con- 
trolling the  eyes.  From  this  broader 
aspect  even  the  relatively  small  variations 
which  occur  on  an  electric  direct  circuit 
or  gas  supply  deserve  consideration.  It 
is  of  course  true  that  the  variations  in 
daylight  are  far  greater  than  those  met 
with  by  artificial  light,  but  these  natural 
fluctuations  take  place  comparatively 
slowly  and  the  eye  can  accommodate 
itself  to  them.  Perhajis,  in  the  smaller 
but  more  abrupt  fluctuations  that  occur 
with  artificial  light,  we  have  one  explana- 
tion of  the  general  acceptance  of  daylight 
as  the  best  available  form  of  illumination, 
and  of  the  preference  still  often  expressed 
for  the  steady  mellow  light  of  the  oil  lamp. 

The  whole  question  is  essentially  one 
for  the  physiologist  to  investigate.  In 
the  interests  of  illuminating  engineering, 
it  ought  to  be  definitely  settled. 


*  Trotter,     ""  lUumination  ;     its    Distillation 
and  Measurement,"  p.  180. 


GERMAN  ILLUMINATING  ENGINEER- 
ING  SOCIETY. 

We  notice  that  the  next  annual  meeting 
of  the  German  Illuminating  Engineering 
Society  has  been  announced  to  take 
j)lace  at  Nuremberg  on  September  16th, 
Prof.  Warburg  presiding. 


Among  the  papers  to  be  discussed 
are  : — ''  Technical  Aspects  of  the  Cathode 
Rays,"  by  Dr.  Norden  ;  "  The  Limits  of 
the  Production  of  Light  by  Temperature 
Radiation,  the  so-called  Mechanical  Equi- 
valent of  Light,  and  the  existing  Incan- 
descent Lamps,"  by  Dr.  Meyer ;  and 
'•  Factory  Lighting,"  by  N.  A.  Hal- 
bertsma. 
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RADIUM    AND    OTHER    LUMINOUS    COMPOUNDS'^ 


To  the  lighting  engineer  phosphorescent 
and  luminescent  substances  have  always 
appeared  a  fascinating  field  for  study. 
Several  interesting  investigations  on  this 
subject  have  been  made  in  the  United 
States  from  time  to  time,  such  as  the 
analysis  of  the  light  from  the  fire-fly 
carried  by  Ives  and  Coblentz,  and  the 
researches  on  phosphorescence  of  Prof. 
^  Nichols  of  Cornell  University.  The  light 
yielded  by  various  phosphorescent  insects 
varies  much  in  colour,  intensity  and 
duration.  Possibly  in  the  future  the 
chemist,  by  analysing  the  substances 
from  which  this  light  is  derived,  may 
eventually  be  in  a  position  to  produce 
synthetically  a  substance  glowing  brightly 
enough  to  have  important  practical 
applications. 

In  theatrical  displays,  the  glow  from 
various  substances  which  phosphoresce 
after  exposure  to  ultra  violet  light  has 
already  been  utilised,  and  as  we  have 
now  available  sources  of  light  which  are 
very  powerful  in  rays  of  this  description 
the  whole  matter  is  worth  study.  Re- 
cently public  attention  has  been  drawn 
to  the  applications  of  such  substances  for 
various  military  j^urposes,  for  example 
in  coating  the  dials  of  watches  and 
instruments,  stai-ma])S,  &c. 

The  recent  lecture  by  Mr.  F.  Harrison 
Glew  before  the  Optical  Society  was, 
therefore,  very  timely.  The  lecturer 
showed  a  number  of  striking  experiments 
and  gave  much  information  on  one 
section  of  the  subject,  the  effects  of 
radioactive  substances  on  luminescing 
materials,  of  which  little  is  generally 
known. 

The  phosphorescence  of  insects  is 
apparently  due  to  the  oxidation  of  an 
organic  fluid  and  fails  under  the  head 
of  "  Chemi-luminescence."  Some  sub- 
stances, such  as  quartz,  sugar,  fluorspar, 
&c.,  become  luminescent  when  rubbed. 
This  is  termed  ''  Tribo-luminoscence."' 
Again,  there  are  certain  crystals  which 
after  exposure  to  radium,  will  emit  light 


*  Notes  on  a  Lecture  delivered  by  Mr.  F. 
Harrison  Odew,  before  the  Optical  Society  of 
London,  .Tune,  1916. 


under  the  action  of  heat  ("'  Pyro-lumines- 
cence ").  For  example,  a  sample  of 
spodumene,  which  had  previously  been 
placed  in  proximity  to  a  large  quantity 
of  radium,  becomes  intensely  luminous 
when  heated,  giving  a  beautiful  orange 
glow. 

The  most  familiar  example  of  phos- 
phorescence, however,  is  the  behaviour 
of  the  so-called  "  luminous,"'  or  Balmain's 
paint.  There  are  a  number  of  substances, 
such  as  sulphide  of  zinc,  which  after 
exposure  to  light  become  themselves 
luminous,  the  brightness  rapidly  decay- 
ing, but  remaining  perceptible  for  hours. 
Mr.  Glew  showed  how,  by  the  rotation  of 
cylinders  coated  with  such  substances 
(so  that  they  are  alternately  exposed  to 
the  light  from  an  arc  and  withdrawn),  a 
very  brilliant  brightness,  comparable 
with  that  produced  by  a  16  candle-power 
lamp  at  a  distance  of  a  few  feet,  could 
be  produced  ;  but  this  order  of  bright- 
ness is  very  transient.  Nevertheless,  the 
brightness  still  persisting  after  several 
hours  may  be  sufficient  to  have  some 
utility,  and  zinc  sulphide  and  other  sub- 
stances have  already  found  practical 
applications  in  this  form.  Zinc  sulphide 
produces  a  greenish  light,  but  by  using 
other  materials,  blue,  yellow,  and  even 
red  light  can  be  obtained,  and  spectacular 
luminous  pictures  of  landscapes,  &c., 
produced. 

The  most  important  application  of 
these  substances,  however,  is  the  form  of 
the  so-called  ''self-luminous"  or  per- 
manently luminous  paints.  These  do 
not  need  to  be  exposed  to  daylight  or 
other  appropriate  illuminant  in  order  to 
store  up  energv  wliicli  is  afterwards 
reproduced  as  a  luminous  glow,  but  give 
a  continuous  and  steady  light.  This  is 
accomplished  by  mixing  the  luminescing 
material  with  a  minute  ])roj)ortion  of 
radium  bromide  or  its  equivalent.  Radium, 
like  ultra-violet  light,  has  the  property 
of  exciting  luminosity  in  these  substances, 
and,  as  it  acts  continuou.sly,  we  get  a 
permanent  luminous  effect.  The  initial 
briglitness  depends  on  the  percentage  of 
radioactive  material  mixed  with  the 
paint,    and    the    rate    of    decay    of    this 
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brightness  depends  on  the  initial  value 
attained.  (For  example,  the  lecturer 
stated  that  two  samples,  prepared  re- 
spectively with  0.4  and  0.2  milligrams  of 
rad.  bromide,  had  arrived  at  equality 
of  brightness  after  eight  months'  use  ; 
thus  the  weaker  preparation,  though 
yielding  originally  the  feebler  light,  has 
the  longest  life.) 

The  lecturer  also  touched  on  other 
possible  stimulants  for  luminous  paints, 
such  as  meso-thorium. 

An  interesting  point  is  the  method  of 
measuring  the  brightness  of  luminous 
paints.  The  low  luminosity  (radium 
paint  prepared  to  the  Admiralty  specifica- 
tion has  a  surface-brightness,  when  new, 
of  0.03  ft. -candles)  and  peculiar  colour 
present  difficulties,  but  for  purely  com- 
parative work  the  latter  difficulty  can  be 
overcome  by  viewing  the  surfaces  whose 
brightness  is  compared  through  a  gelatine 
of  a  yellow-green  tint. 


THE  PROJECTING  LANTERN. 

By  J.  B.  Taylor.* 

A  recent  paper  on  the  above  subject, 
read  by  J.  B.  Taylor  before  the  American 
Illuminating  Engineering  Society,  sum- 
marises the  fundamental  principles  of 
optical  projection.  Many  expert  opera- 
tors hold  the  view  that  a  more  powerful 
light  is  needed  to  illuminate  a  picture 
40  ft.  away  from  a  lantern,  than  when  the 
screen  is  only  20  ft.  away.  Actually,  if 
the  picture  is  the  same  size,  there  should 
be  no  difference,  as  the  same  flux  of  light 
is  used  in  both  cases. 

If,  however,  a  larger  picture  is  obtained 
in  one  case  than  the  other,  the  brightness 
is  naturally  correspondingly  reduced. 
The  author  discusses  the  intensity  of 
brightness  needed  for  lantern  slides. 
From  data  obtained  in  this  country  and 
published  previously  in  this  journal,  it 
appeared  that  one  foot-candle  in  the 
whites  was  ample.  This  is  confirmed  by 
Mr.  Taylor's  statement  that  even  |  foot- 
candle  has  been  used  with  satisfaction, 
although  on  occasions  operators  may  use 
a  brightness  ten  times  as  high.     Another 

*  Trans.  HI.  Eng.  Soc.  (U.S.A.),  May,  1916. 


interesting  point  is  the  use  of  special 
semi-polished  and  translucent  screens, 
which  depart  widely  from  Lambert's  law. 
By  such  methods  a  much  greater  bright- 
ness can  be  obtained  for  a  given  flux  of 
light  in  the  case  of  those  immediately 
facing  the  picture  ;  but  to  those  at  the 
sides  the  picture  appears  relatively  dark, 
so  that  it  is  only  in  exceptional  cases 
that  such  screens  can  be  conveniently 
used. 

As  regards  the  lighting  of  the  theatre 
Mr.  Taylor  lays  stress  on  the  avoidance 
of  bright  points  of  light  (indicating  exits, 
&c.),  which  distract  attention  from  the 
picture,  and  on  the  need  for  allowing 
time  for  the  adaptation  of  the  eye  to  the 
dark  surroundings  before  a  film  is 
commenced. 

In  the  discussion  of  this  paper  H.  Gage 
referred  to  a  very  complete  and  perfect 
type  of  instrument  which  could  be 
adapted  for  the  projection  of  lantern 
slides,  cinematograph  films,  and  micro- 
scopic solid  objects  (on  the  epidiascope 
principle).  For  microscopic  projection 
great  flexibility  is  needed  as  it  is  fre- 
quently necessary  first  to  show  a  subject 
as  a  general  view  and  then  portions  of 
it  on  a  larger  scale.  In  the  case  of 
opaque  projection  only  about  3  per  cent, 
of  the  diffusely  reflected  light  will  go 
through  a  large-sized  objective.  This 
speaker  also  mentioned  the  following 
figures  for  the  desirable  brightness  of  the 
screen  : — 

In  a  dark  room—  Ft. -candles. 

Lantern  slides  . .       2.5 

Microscope  specimens         1 
Moving  pictures         . .       3 

In  a  room  lighted  from  back — 
(0.7  ft. -candles  general 
illumination)  .  .        6 

Mr.  M.  Luckiesh  remarked  that  the 
two  chief  causes  of  eye-strain  in  cinema 
work  are  unduly  severe  contrast  between 
the  brightness  of  the  screen  and  the 
surroundings,  and  the  flicker  of  the  film. 
A  moderate  general  illumination  is  de- 
sirable, although  this  will  necessitate  a 
somewhat  higher  brightness  of  the  screen. 
There  also  seems  reason  to  suppose,  from 
experiments  in  flicker  photometry,  that 
the  point  at  which  flicker  becomes 
evident  depends  to  some  extent  on  the 
illumination  of  the  screen.  This  point 
deserves  further  investigation. 
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BRITISH    SCIENCE    GUILD. 

Memorandum     on     Proposed     National 

Statutory    Board    of    Science    and 

Industry. 

An  important  memorandum  on  the 
above  subject  has  just  been  issued  by 
the  British  Science  Guild,  which  has 
received  the  signature  of  many  eminent 
men  connected  with  science  and  industry. 
It  is  pointed  out  that  "  the  present 
European  crisis  affords  a  unique  oppor- 
tunity of  impressing  upon  all  who  are 
engaged  in  the  executive  functions  of 
government,  as  well  as  upon  those  who 
are  concerned  with  industry  and  com- 
merce, the  paramount  importance  of 
scientific  method  and  research  in  national 
affairs." 

After  dwelling  on  the  great  advance  in 
national  prosperity  brought  about  by 
the  practical  apjjlications  of  science,  and 
on  the  need  for  further  encouragement  of 
scientific  investigation  by  the  State,  the 
memorandum  presents  a  series  of  seven 
recommendations,  which  may  be  sum- 
marised as  follows  : — 

(i)  The  formation  of  a  National 
Statutory  Board  of  Science  and  Industry, 
the  permanent  staff  of  which  should 
consist  mainly  of  persons  of  wide  scientific 
knowledge  and  business  experience.  The 
functions  of  this  Board  would  include  the 
promotion  of  co-operation  between  manu- 
facturers and  laboratories  for  research  ; 
the  co-ordination  of  scientific  effort 
throiigh  joint  scientific  committees  ;  the 
collection  and  publication  of  scientific 
and  technical  information  ;  the  institu- 
tion of  a  number  of  paid  advisory  com- 
mittees consisting  of  men  of  wide 
scientific  knowledge,  assisted  by  expert 
investigators  and  technologists,  who 
should  receive  reasonable  fees  for  their 
services  ;  the  mobilisation  of  the  scientific 
industrial   and   educational   activities   of 


the  nation  so  as  to  ensure  ready  response 
to  national  needs  and  emergencies. 

(ii)  In  all  departments  of  State  in 
which  scientific  work  is  carried  on, 
adequate  provision  should  be  made  for 
the  periodical  and  wide  distribution  of 
leaflets  and  reports,  so  that  increased 
public  interest  and  attention  may  be 
encouraged  in  the  results. 

(iii)  Every  industrial  undertaking  sub- 
sidised or  otherwise  assisted  by  the  State 
should  have  upon  its  Board  of  Directors 
men  who  possess  expert  scientific  know- 
ledge of  the  business  in  which  they  are 
engaged. 

(iv)  Adequate  remuneration  and  im- 
proved prospects  should  be  offered  by 
the  Government,  by  Municipal  Corpor- 
ations, and  by  manufacturers  to  men 
who  have  received  an  effective  scientific 
training.  Means  should  be  found  of 
compensating  and  rewarding  persons 
whose  researches  have  proved  of  decided 
national  or  public  advantage  without 
being  profitable  to  themselves. 

(v)  A  knowledge  of  science  should  be 
regarded  as  an  essential  qualification  for 
future  appointments  in  the  departments 
of  the  public  service  concerned  with 
industrial,  scientific,  and  technical  de- 
velopments. A  committee,  on  the  lines 
recommended  by  the  Royal  Commission 
on  the  Civil  Service  in  1914,  should  be 
appointed  to  consider  the  present  syllabus 
of  subjects  for  examination  for  clerkships, 
and  science  should  be  adequately  repre- 
sented upon  it. 

(vi)  Measures  should  be  taken  to  revise 
the  educational  courses  now  followed  in 
the  public  schools  and  the  XTniversities 
of  Oxford  and  Cambridge. 

(vii)  In  elementary  and  secondary 
schools  supervised  by  the  Board  of 
Education,  more  attention  should  be 
given  to  scientific  method,  observation 
and  ex])eriment,  and  to  educational 
handwork. 
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RESEARCH   UNDER    THE    BIRMING- 
HAM GAS   DEPARTMENT. 

An  interesting  dejjarture  by  the  labor- 
atory of  the  Birmingham  Gas  Department 
is  reported.  For  some  years  special  re- 
searches have  been  conducted  in  connec- 
tion with  the  applications  of  gas,  but  it 
is  now  proposed  to  widen  the  scope  of 
these  inquiries  in  order  to  include  other 
experiments  of  general  value  to  manu- 
facturers. Captain  Hilton,  the  secre- 
tary and  manager  of  the  Birmingham 
City  Gas  Department  has  been  approached 
on  this  matter  by  organised  bodies  of 
local  manufacturers,  and  it  is  proposed 
to  extend  the  activities  of  the  laboratory 
by  engaging  the  services  of  a  staff  of 
experts  having  adequate  theoretical 
training  and  a  knowledge  of  the  applica- 
tions of  science  in  specific  industries. 

The  laboratory  will  conduct  researches 
of  general  utility  by  which  manufacturers 
as  a  whole  may  benefit,  and  will  also 
carry  out  confidential  investigations  for 
individual  manufacturers. 


CO-OPERATION   BETWEEN  THE   GAS 
COMPANY  AND  THE  ARCHITECT. 

An  article  by  D.  Knickerbocker,  a 
consulting  architect  of  Philadelphia,  read 
at  the  mid-year  conference  of  the  National 
Commercial  Gas  Association  in  the  United 
States,*  makes  some  suggestions  as  to 
opportunities  for  co-operation  between 
gas  companies  and  architects,  on  whom 
the  lighting  and  heating  arrangements  of 
many  buildings  depend. 

He  lays  stress  on  the  value  of  bulletins 
giving  prompt  and  practical  information 
of  novelties  in  gas  heating  and  lighting, 
and  containing  such  particulars  as  an 
architect  would  naturally  require,  and 
points  out  the  need  for  standardisation 


*  I ntercolonial  Gas  Journal  oj  Ccmada,  Aug.  191G. 


of  procedure  in  piping  buildings.  Practical 
information  on  hot-water  supply  is  par- 
ticularly needful  to  the  architect. 

In  electric  lighting  his  work  is  simplified 
by  the  National  Electrical  Code,  adopted 
by  the  leading  electrical  companies  and 
professional  societies  throughout  the 
United  States  ;  this  is  invariably  required 
by  the  Board  of  Underwriters,  without 
whose  certificate  the  fire  insurance  com- 
panies will  not  issue  policies  of  insurance. 
The  architect,  therefore,  inserts  in  his 
specification  a  clause  requiring  work  to 
be  done  in  accordance  with  the  National 
Electrical  Code. 

In  gas  lighting,  however,  there  is  no 
such  generally  accepted  code,  and  archi- 
tects commonly  employ  general  wording 
to  the  effect  that  "  the  best  ciuality  must 
be  used,"  or  ''  the  work  carried  out  to 
the  satisfaction  of  the  architect,"  &c. 
This  leaves  room  for  misunderstanding 
in  view  of  the  varied  practice  of  local  gas 
companies  in  different  States.  "  A 
National  Basic  Code  with  a  piping 
schedule  of  minimum  standards  for  sizes, 
lengths  and  weights  would  therefore  be 
of  the  greatest  advantage.  .  .  ."  A 
schedule  has  already  been  formulated  by 
the  B.C.G.A.,  and  would  form  a  nucleus 
of  a  final  code  if  taken  up  and  formally 
adopted,  with  suitable  modifications  by 
the  American  Gas  Institute,  the  American 
Institute  of  Architects  and  other  in- 
terested bodies. 

Such  a  standard  Schedule  would  then 
be  adopted  throughout  the  United  States. 
At  present  some  local  authorities  and  gas 
companies  have  adopted  excellent  rules. 
In  Philadeljjhia,  for  example,  the  ordin- 
ance authorising  the  Unitecl  Gas  Improve- 
ment Co.  to  lease  the  Philadelphia  Gas 
Works,  rec^uires  the  company  to  exercise 
supervision  over  the  work  and  material 
used  and  specifies  the  exact  rules  to  be 
complied  with. 

But  the  adoption  of  a  general  series  of 
rules  applicable  everywhere  would  smooth 
away  many  difficulties  and  would  be 
helpful  in  securing  an  improvement  of 
conditions  in  many  localities  where  old- 
fashioned  and  unsatisfactory  methods  of 
piping  are  still  in  force. 
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A    YEAR'S     PROGRESS    IN    ILLUMINATING 
ENGINEERING. 

A  Report  presented  by  the  Committee  on  Progress  (Mr.  F.  E.  Cady,  Chainiiaii,  Mr.  T.  J.  Litle, 
Mr.  L.  B.  Marks,  Mr.  T.  W.  Kolph),  at  the  Ninth  Annual  Convention  of  the  Ilkmiinating 
Engineering  Society,  held  in  Washington,  September  20th  to  23rd,  1915  ;  slightly  abbreviated. 

{Concluded  from  Vol.  VIX.,  Juhj  1916,  p.  230.) 


Reflection. — Now  that  semi-indirect  and 
totally  indirect  lighting  systems  are 
coming  more  and  more  into  use,  the  effect 
of  the  walls  and  ceilings  in  reflecting  light 
is  of  great  importance.  The  results  of 
considerable  work  on  tests  of  the  reflect- 
ing power  of  paints  have  been  presented. 
Thei*5  colours  examined  ranged  from 
white  to  dark  buffs  and  greens.  The 
highest  coefficient  obtained  was  0.657 
which  was  for  a  white  oil  paint  of  medium 
gloss.  Less  than  one-half  of  the  samples 
tested  showed  coefficients  above  50  per 
cent,  and  all  of  those  that  did  so  were  of 
very  light  creamy  or  yellowish  tones. 
A  rather  light  olive  colour  gave  only  0.328. 

Code. — Reference  should  be  made  to  the 
very  important  work  of  the  Committee 
on  Lighting  Legislation  and  the  Factory 
Lighting  Committee  of  this  society,  as  a 
result  of  which  a  code  on  the  lighting  of 
factories,  mills  and  work-places  has  been 
prepared. 

Globes,  Reflectors  and  Fixtures. 

Having  plenty  of  light  available  either 
from  gas  or  electricity  manufacturers 
have  increased  the  variety  of  materials 
used  in  making  globes,  reflectors  and 
shades.  At  one  extreme  might  be  put 
the  wicker  basket,  which  provided  with 
or  without  a  lining  is  used  suspended 
from  the  ceiling  as  a  semi-indirect  fixture, 
or  inverted  and  covered  with  suitable 
material,  it  makes  a  shade  for  a  table 
lamp.  At  the  other  extreme  might  be 
put  the  hammered  brass  bowl  with  or 
without  glass  inserts  and  used  either  for 
totally  indirect  or  semi-indirect  lighting. 
There  is  a  growing  use  of  floor  lamps 
having  very  large  shades  and  mounted  on 
standards  5  or  6  ft.  (1.52  or  1.82  m.)  high. 

145  Elec.  World,  Jan.  23,  \<^\^^,  p.  211. 


Such  a  lamp  is  replacing  the  old  centre 
table  lamp  for  family  reading  and  inas- 
much as  those  using  it  can  all  have  the 
light  properly  directed  for  reading  pur- 
poses, it  forms  a  step  in  the  direction  of 
eye  protection.  There  is  also  a  growing 
trend  on  the^^^  part  of  architects  to  call 
for  lighting  fixtures  which  conform  to  the 
period  of  their  surroundings. 

In  schoolrooms  an  increasing  tendency 
toward  the  use  of  denser  glassware  with 
the  semi-indirect  lighting  method  is 
noticeable  and  in  general  for  both  direct 
and  semi-indirect  system  the  denser 
glassware  is  used.  Furthermore  the 
tendency  towards  constantly  increasing 
candlepower  in  small  units  has  led  to  a 
greater  use  of  diffusing  media  such  as 
marble  and  alabaster,  and  to  fixtures 
carrying  several  lights  burning  upright 
with  small  semi-indirect  shades.  The  use 
of  cloth  for  shades  is  growing  and  an 
umbrella  manufacturer  has  developed^*' 
a  collapsible  shade  of  cretonne,  which  can 
be  folded  up,  when  not  in  use,  for  packing 
or  storage  purposes. 

A  novel  arrangement  has  been  brought 
out  in  Englandi*^  for  converting  a  dining 
room  fixture  into  a  combined  direct  and 
semi-indirect  unit.  A  double  cone  of 
white  silk  is  employed  in  conjunction 
with  the  common  "  corona  band "  so 
that  the  lamp  occupies  a  position  in  the 
lower  cone,  when  the  fitting  is  at  the 
usual  height,  giving  light  directly  down- 
ward, while  at  another  height  the  lamp 
moves  up  into  the  upper  cone,  with 
the  light  directed  toward  the  ceiling. 

For  the  modern  very  large  office 
building  an  ecjuipnient  of  specially 
designed  fixtures  is  not  uncommon.     In 
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one  case  of  this  kindi-^^  a  fixture  was 
developed  whicli  can  be  utilized  either  for 
direct,  semi-indirect  or  totally  indirect 
lighting.  There  is  evidence^^o  of  a 
considerable  increase  in  the  employment 
of  the  semi-indirect  type  of  fixtures  for 
gas. 

A  great  advance  has  been  made  m 
gas  fittings. 151  The  old  "  goose  neck," 
fastened  with  a  wire,  is  being  replaced  by 
straight  pipe  tubing  with  gas-tight 
adjustable  couplings,  which  make  a 
variety  of  brackets  available. 

Reflectors  have  been  developed  for 
converting! 52  the  ordinary  gas  arc  as 
used  in  stores  and  warehouses  into  a 
semi-indirect  unit,  thus  meeting  the 
demand  for  this  type  of  lighting  without 
the  necessity  of  scrapping  former  fixtures. 
The  advent  of  the  "lOO-watt,  gas-filled 
tungsten  unit  has  caused  the  development 
of  prismatic  and  mirrored  reflectors  for 
use  in  show-window  lighting. 

In  lighting  fixtures  of  ornate  design 
and  equipped  with  electric  candle  or 
candelabra  lamps  the  use  of  ordinary 
key  or  pull  sockets  for  individual  lamp 
control  is  often  undesirable  and  esthetic- 
ally  objectionable.  A  rotating  switch 
has  been  devised  to  meeti^s  this  condition, 
which  is  operated  by  turning  an  outer 
sleeve  forming  part  of  the  candle.  The 
replacing  of  arc  lamps  by  the  new  high 
efficiency  tungsten  lamps  has  resulted  in 
ani54  adaptation  of  the  fixtures  of  the 
former  to  act  as  housings  for  the  latter. 
The  principal  change  needed  is  the 
introduction  of  baffle  plates  to  prevent 
the  entrance  of  rain  without  hindering 
the  ventilation.  For  all  classes  of  out- 
door lighting  by  electricity  fixtures  have 
been  designed  which  includei^o  not  only 
adaptability  to  series  or  multiple  circuits, 
to  pole  or  cross-span  suspension,  but  also 
ventilating  and  enclosing  glass  ware  if 
desired,  so  that  a  complete  equipment  is 
available  in  one  fixture. 

A  reinforced-concrete  lighting  standard 
of  attractive  design  and  appearance  is 
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being  installediss  in  a  number  of  California 
cities  including  beach  resorts,  where 
metal  standards  have  sufiered  severely 
in  the  past  owing  to  the  action  of  salt  air. 

Photometry. 

The  measurement  of  light  sources 
difiering  in  colour  value  continues  to 
interest  the  photometrist.  Developments 
have  followed  two  general  lines,  one  the 
elimination  of  the  colour  difference, 
thereby  reducing  conditions  to  those  of 
ordinary  photometry,  the  other  the  use 
of  the  flicker  photometer  which  has  not 
yet  been  generally  accepted  as  a  solution 
of  the  problem. 

Secondary  Standards. — At  the  National 
Physical  Laboratory  in  England  there 
has  been  completed  and  describedis''  a 
careful  and  exhaustive  research  having 
for  its  object  the  establishment  of  a  set 
of  standards  matching  in  colour  lamps 
operating  at  the  various  efficiencies  in 
ordinary  use.  In  this  research  the  colour 
problem  was  met  by  using  the  so-called 
"  Cascade  "  method  in  which  a  lamp  at 
a  given  watts  per  candle  is  measured 
against  one  whose  watts  per  candle  differs 
by  an  amount  which  Avill  make  the 
colour  difference  small  enough  not  to  be 
objectionable.  Check  measurements  were 
also  made  in  which  the  maximum  colour 
difference  was  encountered.  The  ex- 
perience gained  from  these  and  other 
comparisons  was  that  whereas  an 
observer  may  be  relied  upon  for  con- 
stancy of  judgment  in  measuring  with 
an  ordinary  contrast  photometer  sources 
differing  by  a  small  amount  in  colour 
value,  the  same  constancy  in  judgment 
was  not  obtainable  where  the  colour 
differences  were  large.  Efforts  were  made 
to  use  the  flicker  photometer  but  the 
results  were  not  satisfactory  and  the 
accuracy  was  of  a  different  order  of 
magnitude  from  that  found  with  the 
other  method. 

Colour  Difference. — It  is  rather  interest- 
ing to  note  that  elsewherei58  in  observa- 
tions on  colour  differences  made  with  a 
flicker  photometer  and  extending  over  a 
year,  individual  observers  reproduced 
their  results  with  very  few  exceptions. 
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The  colour  screen  method  of  eliminating 
the  colour  difference  in  heterchromatic 
photometry  has  been  extended  by  the 
development! 5 9  of  a  blue  solution,  which 
in  varying  degrees  of  saturation  will 
provide  a  colour  match  between  a 
standard  carbon  lamp  and  another  lamp 
operating  at  any  watts  per  candle  from 
3-1  to  0-5.  An  alternative  for^^o  the  colour 
absorbing  solution  in  eliminating  colour 
differences  is  suggested  in  a  new  photo- 
meter using  polarised  light.  It  is  based 
on  the  rotation  of  the  plane  of  polarisation 
by  a  quartz  plate  and  the  fact  that  this 
rotation  is  different  for  light  of  different 
wave-lengths. 

Flicker. — By  applying  to  a  modified 
form  of  the  Conroy  photometerif^i  an 
oscillating  platinised  mirror  and  adding 
an  optical  wedge  having  its  density 
gradient  vertical  and  different  by  two 
per  cent,  from  top  to  bottom  a  new  flicker- 
photometer  has  been  developed.  Another 
arrangementi^2  foj.  a  flicker-photometer 
consists  in  a  modification  applicable  to  the 
ordinary  Lummer-Brodhun  photometer 
head.  A  tube,  replacing  the  ordinary 
eye-piece,  carries  a  rotating  prism.  Means 
are  provided  for  illuminating  the  sur- 
rounding field  and  for  accurate  speed 
control. 

A  theory  of  the  flicker-photometer  has 
been  presented  in^^s  which  the  behaviour 
of  the  instrument  is  deduced  directly  from 
the  relationship  of  critical  frequency  and 
illumination.  It  is  assumed  that  a 
fluctuating  stimulus  is  transmitted  as  a 
considerably  dampened  fluctuating  im- 
pression whose  form  and  amplitude  can 
be  calculated  by  using  the  Fourier  linear 
diffusion  equation.  The  same  line  of 
reasoning  is  used  to  explain  the  relation- 
ship of  colour  flicker  to  brightness  flicker. 
Further  work^^*  has  also  been  done  on 
the  question  whether  results  in  colour 
photometry  obtained  by  the  flicker 
method  and  the  acuteness  of  vision  method 
are  the  same.  The  data  obtained  in 
these  experiments  indicated  they  are. 
A  Lummer-Pringsheim  spectro-flicker- 
photometer   was   employed   and   experi- 
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ments  made  with  foveal  vision  and 
portions  of  the  retina  lying  20°  to  30° 
outside  the  direct  line  of  sight.  Means 
have  been  provided, i65  using  coloured 
absorbing  media  for  correcting  an  abnor- 
mal eye.  It  is  claimed  that  by  the 
practical  application  of  this  method  to  the 
flicker-photometer  it  is  possible  to  equip 
any  observer  so  that  he  will  read  correctly 
colour  differences  of  a  given  type  ;  and 
to  equip  a  colour-blind  observer  so  that 
he  will  not  only  read  such  differences 
correctly,  but  also  measure  other  colour 
differences  with  no  more  uncertainty 
than  a  random  observer  of  "  normal  " 
vision  will  do. 

Integrating  Sphere. — At  the  last  con- 
vention there  was  quite  a  discussion  on 
the  best  paint  to  use  for  the  inner  diffusing 
surface  of  an  integrating  sphere.  An 
elaborate  research  was  undertaken  in 
Germanyi66  to  decide  not  only  this  point 
but  also  the  best  material  of  which  to  make 
the  sphere  itself.  The  results  indicated 
that  iron  plate  is  to  be  preferred  to  zinc 
for  the  construction  material  and  that 
zinc  white  as  the  diffusing  surface  gives 
the  best  results. 

Nevj  Instruments. — In  the  photometry 
of  phosphorescent  gases  and  certain 
phosphorescent  solids,  the  light  to  be 
measured  is  of  rapidly  diminishing  inten- 
sity. In  order  to  ascertain  the  errors 
occurring  in  the  measurement  of  such  a 
light  a  modification  of  the  ordinary 
photometer  has  been  devisedi6"  j^  which 
the  essential  feature  is  a  sliding  carriage 
supporting  one  of  the  lamps  and  ca])able 
of  being  set  in  to  and  fro  motion  at  uniform 
velocity  in  the  photometric  axis.  Means 
are  provided  for  recording  the  position 
of  the  carriage  while  in  motion.  Using 
this  instrument  an  investigation  showed 
that  errors  as  high  as  15  per  cent,  or  more 
and  apparently  due  to  retinal  fatigue, 
may  occur  in  the  photometric  of  phos- 
phorescent decays. 

A  new  portable  illumination  photo- 
meter has  been  brought  outi6«  whicli 
is  a  modification  of  the  Weber  type  and 
much  more  compact.  Another  illumino- 
meteri69    has    been    described    for    use 
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where  rapid  and  rough  measurements 
of  light  intensity  are  desired.  In  this 
instrument  a  screen  of  black  silk  illumin- 
ated from  the  rear  is  viewed  in  comparison 
with  tinted  sectors,  on  which  falls  the 
illumination  to  be  measured.  The 
intensity  of  the  light  from  the  comparison 
lamp  is  controlled  by  an  iris  diaphragm. 
As  a  quick  means  of  determining  the 
various  energy  relations  in  tungsten 
lamps,  a  direct  reading  instrument  has 
been  devised^'"  using  data  presented 
at  the  last  convention. i^i  It  is  made  up 
of  volts,  watts  per  candle  and  per  cent. 
candle2:)ower  scales.  The  volt  scale  has 
a  range  from  9i  to  166  volts,  while  the 
watts-per-candle  scale  limits  are  0-70  and 
2-05.  Knowing  any  two  relations  the 
other  may  be  calculated  within  the 
range  of  the  instrument. 

A  studyi'^  of  the  rotating  sectored 
disk  when  used  in  photographic  photo- 
metry has  shown  that  an  intermittent 
exposure,  such  as  that  given  by  the  disk, 
has  the  same  integral  effect  as  a  con- 
tinuous exposure  for  the  same  period. 
The  conclusion  for  ultra-violet  radiation 
is  the  same  as  that  found  for  visible 
radiation.  Experiments  were  made  on  a 
variety  of  plates  and  it  was  found  that 
the  results  were  independent,  within 
wide  limits  of  the  rate  of  rotation  of 
the  sector  and  of  the  period  of  exposure. 

Gas-filled  Tungsten  Lamps.  —  The 
measurement  of  the  candlepower  of 
the  gas-filled  tungsten  lamps  has  de- 
veloped some  entirely  new  problems 
in  photometry.  Thus  it  was  early  dis- 
coveredi"'^  that  both  the  watts  consumed 
and  the  candlepower  of  the  lamp  vary 
when  the  lamp  is  rotated  at  different 
speeds.  One  set  of  experiments^'* 
showed  that  for  any  change  in  speed, 
while  the  change  in  candlepower  was 
roughly  ten  times  the  change  in  current 
but  always  in  the  opposite  direction, 
and  regardless  of  the  position  of  the  lamp, 
the  absolute  change  in  candlepower  with 
the  lamp  in  the  position  of  tip  up  is  about 
twice  the  change  with  the  tip  down  and 
similarly  for  the  absolute  change  in  the 
current.     From  the   photometric   stand- 
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point  a  favourable  condition  was  dis- 
covered in  that  for  a  given  position  of 
the  lamp,  the  current  and  therefore  the 
candlepower  return  to  the  stationary 
value  at  the  same  speed.  If  then,  a  gas- 
filled  lamp  is  photometered  in  the  position 
tip  down,  while  rotating  at  the  particular 
speed  which  gives  the  same  current  value 
as  when  the  lamp  is  stationary  the 
mean  horizontal  candlepower  as  measured 
will  be  free  from  errors  due  to  rotation. 

Various  explanations  have  been  offered 
for  these  phenomena.  It  has  been 
suggested  that  they  may  be  due  to 
variations  in  the  contacts  between  the 
filaments  and  the  anchor  wires ;  to 
changes  in  the  currents  of  gas  about  the 
filament ;  to  the  lengthening  of  the 
helically  coiledi^s  filament,  thus  changing 
its  resistance  ;  to  a  cooling  effect  due  to 
the  action  of  the  external  air  in  the  bulb. 

Photo-electric  Cell. — In  astronomical 
photometryi76  work  is  being  done  with 
some  success,  looking  toward  increasing 
the  sensibility  of  the  photo-electric  cell. 
A  null  method  of  using  photo-electric 
cells  has  been  devised,  which, i^"  it  is 
claimed,  does  away  with  the  so-called 
"  dark  current "  without  in  the  least 
reducing  the  sensitivity. 

Pentane  Standard. — A  redetermination 
at  the  National  Physical  Laboratory i^s 
of  the  constants  of  the  Pentane  lamjj 
gave  the  following  as  the  equation  of 
the  candlepower  : 

C.P.  =  (  (1-f  0.0063  (8— e)— O.OOO85  (760—6) 
e  being  the  humidity  in  litres  of  water 
vapour  per  cubic  metre  of  moist  air, 
and  b  the  barometric  pressure  in  milli- 
metres. Evidence  was  obtained  that 
there  exists  a  temperature  coefficient  in 
the  case  of  the  pentane  lamp,  a  point 
which  had  been  raised  previously  at  the 
Bureau  of  Standards.  Apparently  the 
temperature  and  humidity  effects  act 
against  one  another  and  in  practice  it 
is  the  difference  between  the  two  which 
is  operative.  It  is  suggested  that  if 
work  of  the  very  highest  accuracy  is  to  be 
carried  out  with  flame  standards  under 
abnormal  humidity  conditions,  the  com- 
bined   humidity    temperature    coefficient 
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should   be    determined   for   the   locality 
in  which  the  work  is  to  be  conducted. 

Radiation. — Experimentsi'^s  on  the 
emissivity  of  metals  at  high  temperatures 
have  given  results  indicating  a  change 
in  the  emissivity  of  platinum  for  wave- 
length X=0-65/u.  This  fact  if  verified 
would  influence  the  constancy  of  the 
Violle  standard  of  light. 

Two  investigations  have  been  made 
during  the  year  on  the  determination  of 
the  visibility  of  radiant  energy.  One 
coverediso  the  whole  visible  spectrum 
going  further  into  the  red  and  violet  than 
heretofore.  The  other^^i  dealt  with  the 
red  end  of  the  spectrum  only,  results 
being  obtained  out  as  far  as  X=()-770/lj. 

Calculation. — Methods  of  calculating  the 
illumination  produced  by  a  direct-lighting 
source  are  numerous  and  well  known.  But 
in  the  case  of  a  totally  indirect  or  semi- 
indirect  unit  the  calculation  is  decidedly 
modified.  A  method  has  been  proposed^^^ 
in  which  it  is  necessary  to  know  only  the 
photometric  curve,  the  coefficient  of 
reflection  for  the  secondary  source  (usually 
the  ceiling),  the  distance  of  the  unit  below 
the  ceiling  and  the  height  of  the  ceiling 
above  the  plane  of  illumination.  Eoughly 
the  method  involves  the  consideration  of 
the  ceiling  as  a  secondary  light  source 
considered  as  made  up  of  a  series  of 
circular  annuli  or  rings  of  uniform 
intensity  of  illumination.  The  effect  of 
each  ring  is  calculated  independently. 

Nomenclature. — Considerable  attention 
has  been  given  to  the  subject  of  nomen- 
clature during  the  past  year.  It  has  been 
proposedi83  that  the  word  "  lambert  "  be 
used  in  referring  to  brightness  in  lumens 
per  unit  projected  area.  The  "  lambert  " 
is  interpreted  as  the  equivalent  in  appear- 
ance to  the  eye  of  a  surface  source 
emitting  one  lumen  per  unit  area  in 
accordance  with  Lambert's  cosine  law. 
The  following  resohition  which  was  sub- 
mitted by  the  Committee  on  Nomen- 
clature and  Standards  has  been 
approved!*^  by  the  Council  of  the  Society  : 
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Resolved,  That  it  is  the  opinion  of  this 
Committee 

(a)  That  the  output  of  all  illuminants 
should  be  expressed  in  lumens. 

(6)  That  illuminants  should  be  rated 
upon  a  lumen  basis  instead  of  a  candle- 
power  basis. 

(c)  That  the  specific  output  of  electric 
lamps  should  be  stated  in  lumens  per 
watt  and  the  specific  output  of  illumin- 
ants dependent  upon  combustion  should 
be  stated  in  lumens  per  British  thermal 
unit  per  hour. 

Photography. 

Sources. — The  use  of  gas  lighfi^s  for 
taking  pictures  is  increasing  and  special 
mantles  have  been  designed  for  the 
purpose.  In  order  to  facilitate  the  use 
of  the  high  intensity  gas-filled  tungsten 
lampi86  in  photographic  portrait  studios, 
a  coloured  glass  screen  has  been  developed 
which  reduces  the  luminous  intensity  of 
the  light  to  one-third  its  ordinary  value 
without  appreciably  reducing  the  actinic 
value  for  ordinary  plates.  For  con- 
venience this  glass  has  been  incorporated 
in  the  lamp  bulb.  Thus  high  candlepower 
lamps  may  be  used  without  producing  an 
uncomfortable  glare.  It  has  been  found 
possiblei87  to  use  such  lamps,  screened  as 
described,  in  moving  picture  production 
studios.  In  a  big  western  moving  picture 
planti88  there  is  used  a  combination  of 
mercury-vapour  lamps  and  2,000-candle- 
power  tungsten  gas-filled  units  of  the 
type  just  mentioned.  In  Germanyi89 
tests  have  been  made  on  the  use  of  the 
gas-filled  tungsten  lamp  for  photographic 
work  at  voltages  higher  than  normal, 
thus  giving  greater  actinic  value.  This 
same  idea  has  been  proposed  and  experi- 
mented oni9"  in  this  country. 

Tests  have  been  made  oni^^i  the  density 
of  the  photographic  image  produced  under 
fixed  conditions  of  distance  and  time  by 
the  light  from  different  types  of  arc  lamps 


185  Gas  Age,  Mar.  15,  1915,  p.  304. 
Light.  Jovr.  (U.S.),  Dec.,  1915.  p.  281. 
Proc.  Amer.  Gas  Just.,  vol.  9,  1914,  p.  886. 

186  Elec.  World.  Nov.  14,  1914,  p.  950. 

187  Trans.  I.  E.  S.,  No.  2,  1915,  p.  166. 

188  Elec.  World.  Julv  17,  1915,  p.  1.37. 

189  Zeit.f.  Bclcu.,  Mar..  191.5.  p.  :j:?. 

190  Elec.  World,  Nov.  14,  1914,  p.  950. 

191  Elec.  World,  Nov.  14,  1914,  p.  956. 
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under  various  conditions.  The  lamps 
tested  were  of  the  alternating  current  and 
direct  current  enclosed  carbon  and  flaming 
arc  types  operated  at  various  currents. 
The  results  showed  that  the  highest 
actinic  efficiency  was  obtained  by  the 
220-volt,  enclosed  carbon  arc  ;  next  in 
value  were  respectively,  the  alternating 
current  and  direct  current  110-volt, 
flaming  arcs  with  electrodes  designed 
particularly  for  photographic  work. 

A  photographic  paper  has  been 
developed! 92  on  which  portraits  may  be 
reproduced  directly  without  the  prepara- 
tion of  the  usual  negative.  For  operation 
with  artificial  illuminants  the  paper  is 
treated  with  a  dye  which  makes  it  more 
sensitive  to  yellow  light.  The  pictures 
are  mirror  images  of  the  original. 

Legislation. 

Calorific  Standard. — The  Illinois  Com- 
mission hac  ruledi93  that  in  all  parts  of  the 
state  excepting  Chicago  a  calorific 
standard  of  565  B.  t.  u.  for  gas  shall  be 
used.  Chicago  is  to  remain  under  the 
candlepower  standard.  The  calorific 
standard  has  been  adopted  by  the  Mary- 
land Public  Service  Commission.!^*  ^ 
heating  value  of  600  B.  t.  u.  is  specified. 
It  was  estimated  by  the  Commission 
that  in  the  state  generally  only  6  to  10 
per  cent,  of  the  gas  used  is  burned  in 
flat  flame  burners.  The  use  of  the  calorific 
standard  in  gas  undertakings  does  not 
seem  to  be  growing  rapidly  in  England. ^^^ 
Only  eight  companies  have  applied  for 
Parliamentary  authority  during  the 
session  of  1915.  Four  of  these  companies 
applied  for  a  500  B.  t.  u.  standard. 

Glare. — Extremely  bright  lamps  are  no 
longer  allowed  on  residential  streets, 
especially  in  front  of  isolated  stores,  in 
Washington,  D.C.^^^  Regulations  adopted 
])rohibit  the  use  of  lamps  exceeding 
100  candlepower  on  streets  other  than 
business  streets.  They  also  require  a 
minimum  height  of  15  ft.  (4-57  m.)  for  all 
private  lamps  supported  from  sidewalks, 
and  that  such  lamps  are  to  be  enclosed 
in  opalescent  globes  in  order  that  the 


192  Elec.  World,  Jan.  16,  1915,  p.  190. 

193  proc,  Amer.  Gas  Inst.,  vol.  9,  1914,  p.  373. 

194  Jour,  of  Gas  Light.,  May  24,  1915,  p.  463. 

195  Amer.  Gas  Light  Jour.,  Feb.  1,  1915,p.  73. 

196  Elec.  World,  Oct.  10.  1914,  p.  700. 


eyes  of  passers-by  shall  be  protected  from 
glare. 

In  December  lasti9"  the  War  Depart- 
ment issued  regulations  ordering  all 
fishing  fields  to  be  protected  by  a  marine 
lantern  of  recent  invention  using  acetylene 
as  the  illuminant.  These  lanterns, 
capable  of  23  days'  service,  are  arranged 
to  give  an  in-shore  and  out-shore  light 
to  warn  vessels  that  the  areas  thereabout 
comprise  fishing  pounds  and  are  not  open 
to  navigation.  Already  a  number  of 
these  lights  have  been  placed. 

A  bill  has  been  introducediss  in  the 
Utah  legislature  providing  for  the  creation 
of  special  lighting  improvement  districts, 
under  which  the  proj^erty  owners  on  any 
street  or  sub-division  may  petition  the 
city  commission  to  create  such  districts 
and  to  install  therein  lighting  systems. 

Safety. — The  Ottawa  (Canada)  City 
Council  have  recently 1 99  taken  up  the 
matter  of  aU-night  lighting  of  public 
buildings  used  for  residence  purposes. 
A  by-law  has  been  passed  providing  that 
the  stairs,  halls  and  corridors  of  all 
ajjartment  houses,  hotel  and  lodging 
houses  must  be  lighted  up  from  sunset  to 
sunrise. 

In  places  where  public  safety  demands 
it  there  is  a  growing  tendency  on  the  part 
of  municipal  authorities  to  require  two 
independent  systems  of  illumination  so 
that  in  cases  of  failures  on  the  part  of 
either  the  other  will  be  available. 

Headlights. — The  Public  Service  Com- 
mission of  Vermont  has  issued  an  order^oo 
concerning  the  use  of  headlights  on  loco- 
motives. Railroad  corporations  doing 
business  within  the  state  are  required  to 
equip  engines  with  headlights  of  not  less 
than  2,500  apparent  beam  candlepower 
when  measured  with  the  aid  of  a  reflector, 
rated  in  accordance  with  the  average  of  the 
centre  readings  between  500  and  1,000  ft. 
(304:-80  m.)  ahead  and  upon  a  reference 
plane  3  ft.  (0-91  m.)  above  the  rails.  In 
Nevada  an  amendment  to  the  electric 
headlight  law  has  been  passed, ^"i  pro- 
viding that  any  electric  headlight ''  which 
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will  pick  up  and  distinguish  an  object  the 
size  of  a  man  dressed  in  dark  clothing  on 
a  dark  and  clear  night  at  1,000  ft."  will 
be  deemed  equivalent  to  a  1,500-candle- 
power  headlight  measured  without 
reflector.  Legislation  regarding  head- 
lights for  motor  vehicles  has  also  been 
passed  in  New  Jersey. 

Illuminating  Engineering  in  General. 

Daylight  Saving. — By  adopting  eastern 
standard  time  Cleveland,  Ohio,  has  added 
one  hour  to  the  period  of  daylight.  The 
result^os  has  caused  a  renewed  interest  in 
the  so-called  "  daylight  saving  move- 
ment "  in  the  middle  west.  In  Holland 
also  this  movement  is  being  agitated. 203 

The  use  of  light  sources  imitating  day- 
light is  growing2o*  and  has  been  found 
advantageous  not  only  in  clothing, 
painting  and  wall  paper  stores  and  fac- 
tories, but  also  in  printing  and  litho- 
graphing establishments,  paper  mills, 
oil  refining  plants,   cigar  factories,    &c. 

It  has  been  proposed^os  to  add  to  the 
numerous  collections  in  Berlin  a  mus'^um 
of  illuminating  appliances  in  which  the 
development  from  the  17th  century  of 
lamps  and  other  devices  for  street  lighting 
will  be  shown. 

Luminous  Efficiency. — Values  of  the 
radiant  luminous  efficiencies  (ratio  of  the 
energy  radiated  evaluated  according  to 
its  effectiveness  in  producing  the  sensation 
of  light  to  the  total  energy  radiated)  of 
various  light  sources  have  been  deter- 
mined using  the  method  which  employs 
an  absorbing  solution  whose  transmission 
curve  is  the  same  as  the  luminosity  curve 
of  the  eye. 206  Among  the  results  obtained 
were  : — 

4  w.p.c.  carbon  lamp             . .          . .  0.43 

0.8-ampcre  Nernst  filament  .  .  1.08 
6.6-ampere    gas-filled    tungsten    at 

O.Gf)  w.p.c 2.93 

Ordinary  vacuum  tungsten  at  1  w.pc.  1.99 

Open  burner,  gas      . .          . .          . .  0.9 

Incandescent  mantle,  gas    . .  . .  0.5  to  1.2 

1.7  ampere  mercury  arc,  Pfund  type  30.0 


202  Elec.  Word,  Jan.  2,  1915,  p.  59. 
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204  £;/ec.   Word,  July  10,  1915,  p.  71. 

205  Jour.  Gas  Light.,  May  4,  1915,  p.  292. 
20G  Phys,  Rev.,  Mar.,  1915,  p.  208. 


A  new  experimental  determination207 
by  two  different  methods  gives  for  the 
mechanical  equivalent  of  light  a  mean 
value  of  0-00162  watt  per  lumen. 

Physiology. — Further  work  has  been 
done  on208  the  effect  on  the  eye  of  ultra- 
violet light.  It  has  been  shown  that  where 
the  protein  in  the  lens  of  the  eye  has  been 
modified  by  the  action  of  excess  sugar 
in  the  body  fluids,  or  by  the  action  of 
salts  of  calcium,  magnesium,  silica  and 
the  like,  ultra-violet  radiation  may  cause 
cataract,  but  that  unless  this  abnormal 
condition  exists  cataract  is  not  caused 
by  this  form  of  radiation. 

Music  and  Colour. — Several  attempts 
to  correlate  music  and  colour  have  been 
made  in  the  past.  A  Russian  composer 
having  written  a  score  in  which  was 
included  a  part  to  be  rendered  by  various 
colours  ;  a  "  colour  organ  "  was  devised 
for  use  in  a  recent  presentation  of  the 
composition.209  Incandescent  lamps  in 
reflectors  and  equipped  with  colour-filters 
formed  the  light  source.  The  screen 
was  composed  of  strips  of  gauze  of  various 
weights  mounted  vertically  8  by  10  ft. 
(2-43  by  3-04  m.)  in  size.  The  lightest 
sheet  was  placed  at  the  front,  each  suc- 
ceeding one  back  of  it  being  heavier.  The 
rear  gauze  was  heavy  enough  to  reflect  the 
light  thrown  on  it.  The  deepest  colours 
were  thrown  on  the  back  and  the  lighter 
colours  were  thrown  on  the  front  gauzes. 
The  colour  equivalents  of  the  tone  scale 
were  as  follows  :  C,  red  ;  D,  yellow  ; 
E,  pearly  blue  ;  A,  green  ;  B-flat,  steely 
gray  ;  together  with  intermediate  values. 
Colour  organs  are  not  new,2io  several 
having  been  constructed  in  recent  years. 
The  largest  screen  used  has  been  30  by 
50  ft.  (9-14  by  15-24  m.). 

International  Commission. — At  the 
meeting  of  the  National  Illumination 
Committee  of  Great  Britain  held 
early  in  the  year2ii  there  was  considered 
the  question  of  "  Rating  of  Light  Sources 
in  Candlepower  or  Consumption,"  and 
the  following  resolution  was  passed  and 
transmitted    to    the    Secretary    of    the 
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International    Commission    on    Illumina- 
tion. 

It  is  desirable  that  a  uniform  international 
method  be  adopted  for  rating  and  marking  all 
sonrees  of  light.  It  is  recommended  by  the 
National  Illuminating  Committee  of  Great 
Britain  that  the  matter  be  considered  at  the 
next  session  of  the  International  Commission  on 
Illumination ;  and  the  administration  of  that 
Commission  is  asked  t  o  take  the  necessary  steps 
to  bring  this  resolution  to  the  knowledge  of  the 
different  national  committees,  with  the  view  to 
their  co-operation. 

Literature. 

The  war  has  seriously  interfered  with 
many  foreign  publications  having  articles 


on  illumination.  The  French  Journal, 
Science  el  Art  de  VEclairage,  has  apparently 
suspended  publication  and  other  French 
and  German  journals  were  compelled  to 
omit  some  issues  although  they  are  now 
appearing  regularly.  Among  the  books 
published  during  the  year  should  be 
mentioned  : — 

Modern  Illuminants  and  Illuminating  Engineer- 
ing, by  L.  Gaster  and  J.  S.  Dow.  New  York, 
The  MacMillan  Co.,  1915. 

La  Lumiere  Electrique  et  ses  DifferentesApplica- 
tions  du  Theatre,  by  V.  Trundelle.  Paris, 
H.  Dunod  and  E.  Pinat. 

An  Introduction  to  Colour  Vision,  by  Dr.  J.  H. 
Parsons.  Cambridge  University  Press, 
1915. 


ILLUMINATION   OF    TROLLEY- WIRES.      NATIONAL  PHYSICAL  LABORATORY. 


An  interesting  example  of  the  special 
problems  in  street-lighting  occasioned  by 
the  present  conditions  is  to  be  seen  on 
the  tramway  at  those  points  in  London 
where  there  is  a  transition  from  the  slot  to 
the  trolley- wire  system.  The  driver  in 
such  cases  has  to  unfasten  the  trolley  pole 
and  connect  with  the  line  overhead.  On 
nights  when  there  is  a  moon,  and  the 
pole  and  wire  can  be  seen  silhouetted 
against  the  sky,  there  is  little  difficulty. 
But  on  dark  nights,  with  the  present 
diminished  artificial  illumination,  the 
process  became  distinctly  awkward.  The 
wire  cannot  be  clearly  seen,  and  passengers 
would  have  to  endure  a  period  of  constant 
flickering  while  the  pole  scraped  the  wire, 
missed,   and  hit  it  agam. 

The  difficulty  is  now  got  over  by  the  use 
of  a  flat  dish-reflector  containing  a  lamp 
and  attached  to  the  su])porting  lines 
above  the  live  wire.  The  illuminated 
surface  of  this  reflector  affords  the 
necessary  bright  background,  and  is  so 
constructed  that  no  direct  rays  can  be 
seen  from  above. 


Report  for  Year  1915 — 1916. 

The  Report  of  the  National  Physical 
Laboratory  for  the  year  1915 — 1916  has 
now  appeared. 

As  might  have  been  expected,  the 
ordinary  work  of  the  Laboratory  has  been 
largely  set  aside  in  favour  of  special 
researches  undertaken  for  Government 
Departments .  For  example  in  the  section 
of  optics,  the  staff  have  been  engaged  in 
the  testing  of  binoculars,  telescopes  and 
other  optical  "  munitions  of  wax,"'  and 
special  researches  have  been  made  on  tht 
intensity  and  duration  of  light  yielded 
from  luminous  paints  Very  important 
work  has  also  been  conducted  in  the 
department  of  aeronautics. 

We  are  glad  to  see  that  the  generosity  of 
private  benefactors  has  to  a  great  extent 
made  good  the  deficit  in  fees  ordinarily 
received  for  industrial  work,  and  hope 
that  after  the  war  the  Laboratory  will 
be  placed  in  a  position  to  carry  on  its 
valuable  researches  on  a  much  more 
extensive  scale. 


At  a  meeting  of  Liverpool  business  men 
at  St.  George's  Hall,  on  Empire  Day, 
organised  by  the  British  Electrical  and 
Allied  Manufacturers'  Association  and 
presided  over  by  the  Lord  Mayor,  the 
following  resolution  was  passed  : — 

''  That     the      indispensable      military 
services    rendered    by    the    engineering 


industry  and  its  fundamental  importance 
in  the  future  as  the  basis  of  defensive 
power  and  of  prosperous  economic  de- 
velopment, entitle  it  to  special  State 
recognition  in  any  reform  of  national  and 
imperial  conmiercial  policy,  and  to  the 
patriotic  support  of  all  public  and  private 
users  of  ])lant  and  machinery  throughout 
the  Empire." 
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THE  LIGHTING  OF  ARMY  HUTS. 

We  recently  heard  of  a  large  camp  of 
Army  huts,  which  were  being  lighted  by 
gas,  and  where  the  question  of  the  best 
method  of  illumination  was  under  dis- 
cussion. Hitherto  the  huts  have  been 
lighted  in  the  ordinary  way  by  incan- 
descent units,  but  the  hard  usage  to  which 
the  lamps  have  been  subjected  makes  the 
question  of  maintenance  rather  trouble- 
some. For  example,  the  men  are  apt  to 
throw  their  caps  and  other  missiles  about, 
occasionally  striking  the  lamps — treat- 
ment which  even  the  best  of  mantles, 
unless  specially  protected,  will  resent. 

It  has  therefore  been  suggested  that 
flat  flame  burners  should  be  used.  This 
seems  a  retrograde  step,  especially  in  view 
of  the  probable  diminution  in  the  illu- 
minating power  of  the  gas,  just  now 
owing  to  the  withdrawal  of  constituents 
wanted  for  munition  work.  A  preferable 
step  would  probably  be  to  substitute 
mantles  enclosed  in  "binnacle-lights," 
which  are  mounted  direct  on  the  wall 
and  are  capable  of  withstanding  any 
reasonable  amount  of  shock.  The  intro- 
duction of  these  units  would  involve  some 
initial  expense,  but  would  doubtless  be 
justified  by  the  results  as  regards  illum- 
ination and  maintenance. 

A  similar  problem  arises  in  connection 
with  the  use  of  electric  incandescent 
lamps.  While  large  mess-tents,  etc., 
where  the  lights  are  quite  out  of  reach, 
may  be  illuminated  by  pendant  units,  it 
would  seem  desirable  to  avoid  pendants 
altogether  in  the  smaller  rooms  and  to 
mount  the  lamps  direct  on  the  ceiling.  A 
simple  form  of  metal  reflector  is  also 
useful,  both  as  a  protection  and  with  a 
view  to  concentrating  the  light  down- 
wards. In  this  case  also  there  seems  an 
opening  for  a  cheap  type  of  comj)letely 
enclosed  unit,  similar  to  those  used  on 
board  ship. 


REFINEMENTS  IN  ILLUMINATION. 

In  a  recent  article  in  the  Electrical 
Revieiv  it  is  remarked  that  there  are  still 
endless  opportunities  for  ingenuity  in 
meeting  special  problems  and  opening 
new  fields  of  lighting. 

As  an  instance  reference  is  made  to 
the  lighting  of  pulpits  in  churches.  It 
is  generally  recognised  that  the  lamp 
should  be  screened  and  that  the  direct 
rays  should  on  no  account  be  allowed  to 
stray  into  the  eyes  of  the  congregation. 
The  design  of  the  most  convenient 
form  of  reading  lamp,  at  a  convenient 
height  to  illuminate  the  desk  evenly  and 
yet  not  to  obstruct  the  congregation's 
view  of  the  preacher,  is,  however,  worth 
attention.  In  addition,  it  is  questionable 
whether  such  shaded  lights  should  throw 
light  on  the  book  only,  leaving  the 
preacher's  face  in  shadow.  A  congrega- 
tion likes  to  see  the  face  of  the  preacher. 
A  special  case  is  presented  in  churches 
ministering  to  the  deaf,  and  the  same 
problem  recurs  in  all  buildings  where 
training  of  the  deaf  is  carried  on.  In  such 
cases  the  preacher's  meaning  is  inter- 
preted by  observing  the  motions  of  the 
lips  and  the  face  generally,  and  the 
facility  with  which  this  can  be  done 
depends  very  much  on  the  provision  of 
an  adequate  illumination.  Indeed, 
people  who  are  only  slightly  deaf,  or  even 
people  who  have  normal  hearing,  really 
derive  appreciable  assistance  from  the 
observation  of  the  face  of  the  person  with 
whom  they  are  conversing. 

Another  special  opportunity  for  skill 
in  illumination  is  to  be  found  in  art 
museum-lighting.  The  possibilities  of 
special  units,  both  for  displaying  exhibits 
and  as  a  decorative  element  in  themselves, 
have  hardly  been  explored  as  yet.  For 
example,  the  problem  of  artificially  illu- 
minating precious  and  perishable  articles 
in  showcases,  so  as  to  show  off  their 
outline  and  colour  to  the  best  advantage, 
and  also  to  preserve  them  as  far  as 
possible  from  colour-de])reciation  through 
the  action  of  the  short  waves  of  light,  is 
well  worth  study. 
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"  CELL-PHOTOMETERS. ' 

To   the   Editor   of  the   Illuminating 
Engineer. 
Dear  Sir, 

I  have  read  in  the  March  issue  of 
the  Illuminating  Engineer  the  very 
interesting  descriptions  of  the  "  cell 
type  "  and  "  graded  scale  type  "  jjhoto- 
meters  by  Mr.  Cunnington  and  Mr.  Dow. 

It  occurs  to  me  to  mention  that  photo- 
meters on  the  same  principle  were  con- 
structed by  Mr.  Kovalen,  chief  engineer 
to  one  of  the  electric  supply  stations  in 
Petrogi'ad,  about  the  year  1906. 

In  this  instrument  he  employed  an 
opal  glass  screen  illuminated  from  below 
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General  view  of  Kovalen's  Box  Photometer 
(enabling  illumination  to  be  determined  by 
inspection  without  manipulation  of  parts). 

by  a  low  voltage  (4.5  v.)  lamp,  fed 
from  a  storage  battery.  This  screen 
formed  the  cover  of  a  long  black  box, 
the  lamp  being  mounted  at  one  end,  on 
the  bottom  of  the  box.  The  upper 
surface  of  the  glass  screen  is  painted 
dead  white  but  there  is  a  narrow  slit  left 
in  the  middle,  which  runs  the  full  length 
of   the   screen.     This   screen   is   covered 


by  a  thin  plate  of  ground  glass,  which 
carries  an  appropriate  scale. 

When  the  lamp  is  switched  on  we  see 
at  one  end  of  the  screen  a  dark  slot 
with  white  surroundings,  and  at  the 
other  end  the  converse  efiect,  the  point 
of  balance,  indicating  the  illumination, 
being  intermediate.  There  is  no  difficulty 
in  ascertaining  the  point  of  balance  and 
reading  off  the  corresponding  value  in 
lux.  The  range  of  this  instrument  is 
normally  0.2 — 60  lux  but  it  can  be 
extended  if  desired.  The  box  carries  a 
rheostat  and  a  voltmeter  reading  up  to 
6  V.  and  also  an  adjustable  glass  screen 
for  diminishing  the  illumination  of  the 
slit  and  thus  extending  the  range  of  the 
instrument,  if  required. 

The  general  nature  of  the  instrument 
is  shown  in  the  accompanying  photo- 
graphs. The  precision  of  measurement 
is  naturally  not  so  high  as  in  the  case  of 
apparatus  of  a  more  elaborate  type,  but 
the  convenience  of  being  able  to  make 
a  rapid  estimate  of  the  illumination  on 
a  large  surface  is  very  useful  for  some 
classes  of  work. 

Yours,  &c.,  S.  Maisel 
(Physical  Laboratory,  Institute  of  Mines, 
Petrograd). 

A  POCKET  LAMP  WITHOUT  BATTERY. 

The  Elekfrotechnische  Zeitschrijl  (Feb. 
24th)  describes  a  novel  form  of  pocket 
lamp  that  has  been  devised  by  K.  v. 
Dreger  of  Budapest.  This  contains  a 
small  glowlamp  which  is  fed,  not  by 
accumulators  or  dry  cells,  but  by  a  small 
hand-operated  dynamo.  The  novelty  of 
the  arrangement  appears  to  consist 
mainlv  in  the  ingenuity  of  the  mechanism 
by  which  this  is  driven.  If  the  lamp  is 
held  in  one  hand  a  slight  motion  of  the 
thumb  suffices  to  keep  the  dynamo  in 
motion,  and  it  is  stated  that  even  after 
the  latter  is  removed  the  dynamo  will 
continue  to  revolve  long  enough  to  give 
n  lijtht  for  several  minutes. 
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THE  PHOTOMETRY  OF  GAS-FILLED 
LAMPS.* 

The  photometry  of  gas-filled  lamps 
presents  quite  a  number  of  special  diffi- 
culties. 

On  account  of  the  comparative  broad- 
ness of  the  filament  spiral  and  the  dis- 
symmetry of  the  filament  mounting  there 
is  considerable  irregularity  in  the  distri- 
bution of  the  light  about  the  vertical  axis. 
Consequently  when  the  lamp  is  rotated 
the  light  as  seen  in  the  photometer 
appears  to  flicker  so  much  as  to  render 
accurate  photometry  impossible.  This 
difficulty  may  be  largely  eliminated  by 
using  two  inclined  mirrors  behind  the 
lamp. 

There  is,  however,  a  more  serious  diffi- 
culty, namely,  that  rotation  alters  the 
current  consumed  and  the  resultant 
candlepower.  The  change  in  efficiency 
may  be  either  positive  or  negative  accord- 
ing to  the  speed  of  rotation,  and  there 
appears  to  be  one  particular  speed  at 
which  correct  results  may  be  obtained  ; 
this  speed  is  practically  the  same  for  all 
lamps  having  the  same  number  of  loops 
in  the  filament.  If  this  precaution  in 
selecting  the  correct  speed  is  not  observed, 
errors  of  1  to  2  per  cent,  in  current  and 
15 — 20  per  cent,  in  candlepower  may  be 
encountered.  Hence  the  voltage  found 
for  a  desired  operating  efficiency  may  be 
so  much  in  error  as  to  give  a  lamp  on  test 
at  this  rated  voltage  a  fictitious  life  three 
or  four  times  as  long  as  the  lamp  would  give 
if  operated  stationary.  The  lamp  may 
thus  be  given  credit  for  a  much  longer 
life  than  it  really  deserves.  On  the  other 
hand,  the  speed  may  be  such  as  to  cause 
errors  in  the  opposite  direction. 
i  These  changes  during  rotation  appear 
to  be  due  to  alterations  in  the  convection 
currents  of  the  gas,  with  a  consequent 
variation  in  temperature  distribution 
within  the  bulb. 

Another  point  to  be  noted  is  that  the 
blackening  of  a  gas-filled  lamp  does  not 
occur  uniformly  over  the  bulb  as  is  the 
case  with  a  vacuum  lamp,  but  chiefly  at 
the  top  of  the  bulb.  Hence  in  making  a 
life  test,  a  true  measure  of  the  reduction  in 
total  light  during  the  life  of  the  lamp  can 

*  Photometry  of  the  Oas-filkd  Lamp,  by 
G.  W.  Middlokauff  ard  J.  O.  Skogland  (Bull. 
Bureau  of  8tandards,  Washington,  No.  264, 
March  10,  1916.) 


only  be  determined  by  measurement  of 
the  total  flux  or  mean  spherical  candle- 
power.  This  is  most  conveniently  de- 
termined in  the  Ulbricht  globe. 

A     NEW     ILLUMINATION-INDICATOR 
REQUIRING  NO  MANIPULATION. 

We  notice  that  the  type  of  instrument 
described  in  Mr.  Maisel's  letter  in  this 
issue  (p.  262)  is  being  developed  in  the 
United  States.  Such  an  instrument  has 
been  described  by  Mr.  R.  F.  Pierce.*  In 
this  apparatus,  which  reads  from  O'l  to  50 
ft. -candles,  there  is  also  a  slot  along 
which  the  point  of  balance  moves  accord- 
ing to  the  illumination,  but  readings  are 
facilitated  by  a  series  of  disc-apertures 
at  intervals,  and  the  range  is  extended 
by  using  a  second  slot  equipped  with  an 
interior  dark  covering  reducing  the 
brightness  to  1/lOth. 

The  simplicity  of  this  type  of  instrument 
is  a  recommendation  in  cases  where  only 
rough  indications  of  the  illumination  are 
needed  ;  but  one  point,  mentioned  by  Mr. 
Pierce,  requires  attention,  namely,  that 
the  indication  varies  somewhat  according 
to  the  angle  from  which  the  surface  is 
viewed.  A  small  sighting  arrangement 
is  therefore  provided  to  secure  that  the 
angle  of  vision  is  always  the  same. 


PROGRESS  OF  THE 

BRITISH  RARE-EARTH  INDUSTRY. 

A  paper  on  this  subject  was  pre.sented 
by  Mr.  S.  Y.  Johnstone  at  the  Annual 
Meeting  of  the  Society  of  Cliemical 
Industry,  held  in  Edinburgh  last  July. 
It  was  computed  that  tlie  number  of 
niantle.s  used  in  the  United  Kingdom 
during  a  normal  year  is  about  100,000,000, 
which  would  correspond  with  an  annual 
consumption  of  (5.50  tons  of  Travancore 
monozite  sand.  In  the  past  this  coiuitrj^ 
has  had  to  depend  very  largely  on  im- 
ported mantles,  and  although  manu- 
facturers have  developed  their  output 
very  rapidly  since  the  outbreak  of  war, 
there  is  evidently  still  a  great  deal  to  be 
done  before  they  will  be  able  to  supply  the 
entire  needs  of  the  country. 

*  Am.  Gaslight  Journal,  Aug.  14,  1916. 
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[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  wluch  is  included  information  supplied  by  the 
makers,  wiU,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


SOUTH  METROPOLITAN  GAS  CO. 
Half-Yearly   General   Meeting. 

At  tlie  half-yearly  general  meeting  of 
the  South  Metropolitan  Gas  Company  on 
August  9th  an  interesting  address  was 
given  by  the  Chairman  (Mr.  Charles 
CarjDenter,  D.Sc),  who  explained  the  cir- 
cumstances that  had  enabled  the  company 
to  reduce  the  price  of  gas  by  2d.  per 
1,000  cub.  ft.  An  encouraging  fact  was 
the  maintenance  of  the  consumption  of 
gas  at  slightly  above  the  figure  at  which 
it  stood  i^revious  to  the  war.  There  had 
])een  considerable  diminutions  in  the 
amount  of  gas  vised  for  certain  purjDOses, 
e.g.,  for  domestic  uses  and  shop  lighting, 
but,  on  the  other  hand,  there  had  been  an 
increased  industrial  demand. 

Turning  to  the  question  of  residual 
products  and  their  paramount  import- 
ance for  war,  the  Chairman  remarked  that 
in  future  matters  wotild  have  to  be  so 
organised  that  these  essential  materials 
could  be  obtained  from  the  gas  com- 
panies at  short  notice.  The  coal  re- 
sovu-ces  of  the  covintry  would  be  dealt  with 
in  a  less  wastefid  manner,  the  ammonia, 
light  oil,  benzol,  etc.,  being  removed, 
and  the  gas  companies  would  probably 
be  much  larger  suppliers  of  solid  fuel 
than  had  hitherto  been  the  case. 

In  this  connection  the  Chairman  made 
an  interesting  remark  regarding  the 
future  co-operation  of  gas  and  electrical 
supplj?^  "I  do  not  know,''  he  said, 
"  whether  the  policy  adopted  by  Parlia- 


ment of  putting  the  suppliers  of  gas  and 
electric  energj'  into  competition,  has  not 
had  its  day  ;  it  may  have.  If  one  were 
to  begin  again,  one  would  not  do  what  one 
is  doing  to-day,  viz.,  put  up  a  large 
station  to  produce  electric  energy  and 
another  for  gaseous  energy.  We  should 
look  to  see  whether  these  supplies  should 
be  undertaken  separately  or  whether 
there  was  not  a  great  deal  to  be  said  on 
the  point  of  economical  \\orking  by 
running  them  together." 


HOLOPHANE  INDUSTRIAL  LIGHTING 
UNITS. 

We  understand  that  a  new  edition  is  to 
be  issued  shortly  of  the  booklet  desci-ibing 
the  Holophane  units  for  Industrial 
Lighting.  In  these  imits  the  external 
surfaces  of  the  jjrisms  are  completely 
protected  against  any  possible  deposits 
of  dust  and  dirt  by  a  coating  of  aluminium, 
and  at  the  same  time  the  reflecting  value 
of  the  prisms  is  fully  maintained.  Wo 
are  informed  that  these  units  are  being 
extensively  introduced  into  munition  fac- 
tories, but  at  the  present  time  it  is 
natm-ally  impossible  to  say  much  on 
this  matter. 

The  convenient  tables  given  in  the 
booklet,  showing  the  illumiiaation  derived 
from  tmits  hung  at  any  prescribed  height, 
are  retained  in  the  new  edition,  but 
several  modifications  are  made  rendering 
them  better  adapted  to  practical  use. 
Other  features  are  the  introduction  of  a 
series  of  units  of  the  well-known  Bowl 
and  Excellite  types  for  providing  diffu.sed 
semi-indirect  lighting  in  offices  and  some 
simple  iron  fittings  which  are  applicable 
both  to  office  and  industrial  lighting. 
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THE    "  LISTER-BRUSTON  "    AUTO- 
MATIC   ELECTRIC    LIGHTING  AND 
POWER    SYSTEM. 

Electric  lighting  for  country  hoiises 
has  passed  through  some  interesting 
series  of  stages  of  development.  The 
coming  of  the  metal  filament  lamp 
proved  a  great  godsend,  diminishing  the 
capacity  of  plant  required  for  a  given 
mnnber  of  lights  and  furnishing  a  much 
more  efficient  illuminant  than  the  old 
carbon  filainent  lamp.  A  difficulty,  how- 
ever, has  always  been  the  necessity  of 
providing  a  battery  of  accumulators,  the 
upkeep  and  maintenance  of  which  is 
often  not  fully  understood  or  sufficiently 
appreciated  by  the  consumer. 

An  interesting  method  of  dealing  with 
this  ])roblem  is  furnished  by  the  Lister- 
Bruston  system  of  lighting,  which  is 
essentially  automatic.  The  current  is 
supplied  by  a  dynamo  driven  by  a  small 
petrol -engine,  but  only  a  few  accviniu- 
lators  (of  a  specially  strong  type)  sufficient 
to  feed  three  or  four  lamps,  are  used. 

If  only  a  few  lights  are  in  use,  the 
current  is  supplied  by  the  accumulators. 
When,  however,  more  lights  are  tiu-ned 
on,  the  extra  current  operates  an  auto- 
matic switch,  causing  the  cvirrent  from 
the  cells  to  be  delivered  to  the  dynamo 
which  rotates  for  a  fev.'  seconds  as 
an  electric  motor,  thus  starting  the 
engine.  From  this  jioint  onwards  the 
main  load  is  taken  by  the  dynamo. 
When  the  number  of  the  lights  is 
diminished  a  converse  operation  takes 
place,  the  dynamo  and  engine  being 
automatically  taken  out  of  cii'cuit  as 
soon  as  only  a  few  lamps  are  connected, 
leaving  these  supplied  by  the  accmnu- 
lators.  The  gi'eat  advantage  of  this 
system  is  that  the  niuubcr  of  colls  re- 
quired is  small  aiad  the  loss  involved  in  the 


charging  and  discharging  of  a  battery 
sufficient  to  siipply  the  entire  lighting 
load  is  avoided.  Moreover,  as  there  are 
only  a  few  cells  of  a  robust  tj^pe  to  look 
after,  the  expenses  of  maintenance  are 
leduced  to  a  minimum  ;  in  addition,  the 
cells  are  automatically  kept  charged  by 
the  action  of  the  dynamo,  thus  working 
under  satisfactory  conditions. 

In  the  case  of  large  installations,  or 
for  the  lighting  of  a  group  of  houses  or 
a  village,  the  plant  is  preferably  sub- 
divided. It  can  be  so  arranged  that  a 
light  load  starts  up  only  one  of  the  units, 
others  being  aiitomatically  switched  into 
circviit  as  the  load  increases  ;  and,  con- 
versely, ci;t  out  of  circuit  again  as  fewer 
lights  are  required.  In  this  way  the 
plant  is  always  operated  at  a  good 
efficiency. 

As  an  instance  of  such  an  installation 
we  may  mention  the  recent  lighting  of 
the  town  of  Seward,  Albany,  U.S.A.,  for 
the  Seward  Lighting  and  Power  Co. 
Wo  understand  that  the  equipment, 
which  consists  of  two  Lister-Bruston 
Town  Lighting  sets  complete,  with  a 
300-amperc-hoiir  battery,  is  worked  en- 
tirely automatically,  each  of  the  sets 
starting  and  stopping  as  and  when  the 
external  load  demands.  The  total  out- 
put of  the  station  is  about  20  k.w. 

The  speed  with  which  this  installation 
was  carried  out  appears  remarkable,  the 
franchise  being  obtained,  power-house 
built,  mains  run  in  streets,  and  the  plant 
in  full  operation  within  six  weeks. 

Wo  are  also  glad  to  note  that  the 
ciuestion  of  the  best  use  of  the  lighting 
provided  is  not  overlooked,  and  that  the 
staff  of  Messrs.  R.  A.  Lister  and  Co., 
47,  Victoria  Street,  London,  S.W.,  are 
prepared  to  give  advice  as  to  the  best 
schemes  of  lighting  for  buildings  of  all 
kinds. 
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Colour     and     its     Apjilications,     by     31. 

Luckiesh.     {Constable  arid  Co.,  London, 

1915.     357    I)]}.     129     illustrations,     4 

colour  plates.) 
Mr.  Luckiesh 's  work  on  colour  is  well 
known  to  readers  of  this  journal,  and  his 
collection  of  the  ideas  that  have  recently 
been  developed  on  this  subject  makes  a 
most  readable  book.  Probably  the  work 
will  be  chiefly  useful  to  those  who  have 
kept  in  touch  with  illuminating  engineer- 
ing work  diu'ing  the  last  few  years,  but 
even  those  who  have  little  expert  know- 
ledge of  colour  will  appreciate  his  lucid 
treatment  of  this  fascinating  bvit  highly 
complicated  subject. 

The  initial  chapters  deal  with  funda- 
mental principles.  The  author  explains 
briefly  the  conception  of  light  as  a  form 
of  radiation,  and  traces  the  physiological 
factors  involved  in  the  subjective  trans- 
lation of  this  radiation  into  the  impres- 
sions of  light  and  colour.  The  distribu- 
tion of  energy  thi'oughout  the  spectra  of 
the  chief  illuminants  is  illustrated  by 
appropriate  diagrams,  the  luminosity 
curves  for  the  hiuuan  eye  at  high  and 
low  illuminations  are  reproduced,  and 
photographs  of  typical  spectra  are  pre- 
sented. The  chapter  on  colour -mixture 
is  illustrated  by  a  coloiu'ed  diagram 
showing  the  difference  between  additive 
and  subtractive  methods.  The  author 
comments  on  the  need  for  some  generally 
accepted  method  of  colour  definition, 
making  effective  use  of  a  quotation  from 
a  letter  from  Robert  Louis  Stevenson 
bearing  on  this  point.  The  chapter  on 
the  analysis  of  colour  contains  a  series  of 
diagrams  of  modern  spectroscopes  and 
spectrophotometers  and  the  discussion  on 
colour  and  vision  is  thorouglily  up  to  date. 
Of  special  interest  are  the  tests  carried 
out   by   the   German   Lighthouse   Board 


of  Hamburg  on  the  visibility  of  signal 
lights.  The  agreement  of  these  results 
with  the  more  recent  experiments  of 
Paterson  and  Dudding  at  Teddington 
appears  remarkably  good,  and  formulae 
connecting  candle-power  and  range  are 
sviggested.  The  latter  are,  however, 
complicated  by  questions  of  colour. 
Reference  is  also  inade  to  the  value  of 
monochromatic  light  in  enhancing  acute - 
ness  of  vision,  and  to  the  presvxmed 
advantages  of  using  yellow  light  from 
which  the  blue  and  violet  rays  are 
excluded  for  searchlights.  Yellow  and 
fluorescent  glass  screens  have  been  pro- 
posed for  this  purpose  with  a  view  to 
avoidmg  the  "  luminous  blue  haze  "  and 
improving  definition. 

Chapters  are  devoted  to  colour  photo- 
metry and  coloiu-  photography,  and  there 
is  also  a  brief  account  of  theories  of  colour 
vision. 

The  final  section  of  the  book,  dealing 
with  colour  in  lighting,  contains  much 
interesting  matter.  The  author  sum- 
marises the  various  attempts  that  have 
been  made  to  secure  "  artificial  daylight  " 
for  colour-matching  work.  The  effect  of 
different  illviminants  on  the  appearance 
of  colours  is  illustrated  by  several 
coloured  plates  contrasting  the  appear- 
ance of  pictures  by  natural  and  artificial 
light.  This  point  is  further  explained 
by  means  of  black  and  white  reprodtic- 
tions  showing  how,  by  using  light  of  a 
special  colovir,  certain  features  in  a  picture 
may  be  made  to  disappear.  This  effect 
has  been  utilised  in  practice  in  illuminated 
signs,  wherein  certain  words  and  phrases 
may  be  made  to  vanish  by  an  alter- 
ation in  the  quality  of  the  illumination. 
In  a  less  marked  degree  these  effects 
manifest  themselves  in  many  interiors, 
in  which  varied  coloured  wallpapers, 
borders  and  designs  are  employed, 
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Mention  should  next  be  made  of  Mr. 
Luckiesh's  treatment  of  the  subject  of 
"  mobile  colour  "  as  utihsed  in  various 
devices  for  stage  illumination.  Here 
there  are  many  as  yet  imperfectly  ex- 
plored possibiUties.  The  idea  of  using 
colour-harmonies  as  alternative  or  .supple- 
mentary to  musical  sounds  is  exemplified 
in  the  Rimington  colour-organ,  and  in 
the  devices  employed  by  the  composer 
Scriabine,  who  added  to  his  orchestral 
score  an  accompaniment  in  which  colour 
changes  were  specified  as  an  accessory 
to  the  music.  The  mere  fact  that 
phrases  descriptive  of  colour  occur  so 
frequently  in  musical  criticism  shows  the 
existence  of  such  an  analogy,  and  it  is 
conceivable  that  in  the  art  of  the  futvire 
colour  harmonies  will  play  a  more 
important  role  than  at  present. 

The  author's  practice  of  recording  a 
complete  list  of  references  at  the  end  of 
each  chapter  will  be  a  recommendation 
to  those  who  have  not  yet  gone  deeply 
into  this  subject.  A  word  of  commenda- 
tion should  also  be  given  to  the  excellent 
printing,  mat  paper  without  glaze  being 
used  throughout  both  for  the  text  and 
the  illustrations. 


A  Statistical  Report  of  Electric  Under- 
takings in  Japan  (1914),  issued  by  the 
Direction  General  of  Electric  Exploita- 
tions, Department  of  Communications, 
Tokyo,  Japan. 

A  CORRESPONDENT  in  Japan  sends  us  the 
above  Statistical  Report  of  electrical 
imdertakings  in  that  country,  which,  in 
view  of  the  rapid  industrial  progress  which 
Japan  is  now  making,  deserves  carefvil 
study. 

The  first  electrical  undertaking  was 
opened  in  Tokyo  in  1887,  one  75-h.p. 
dynamo  being  originally  installed.  Since 
then  the  various  undertakings  through- 
out the  country  have  spread  and  cle- 
veloped,  until  to-day  they  produce 
millions  of  horse-power,  a  feature  being 
the  use  of  Japan's  abundant  water- 
power  and  of  high  tension  transmission. 

The  Report  is  concluded  by  some 
interesting  information  covering  the 
period  1903 — 1914.  We  notice  that  the 
total  candlepower  of  lamps  supplied  has 
grown  from  approximately  4|  million  to 
over  70  million  during  this  period.  More- 
over, the  rate  of  increase  is  still  very 
rapid,  being  as  much  as  25  per  cent, 
during  the  year  1914,  while  the  extension 
of  electric  lines  laid  down  for  all  pvu-poses 
has  taken  place  even  more  quicklj'. 


The  Development  of  Electric  Lighting   in 
Japan. 

We  have  received  from  the  Tokyo 
Electric  Co.  a  most  interesting  booklet 
tracing  the  development  of  electric  light- 
ing in  Japan.  Starting  from  the  most 
primitive  rush-lights,  braziers  and  torches, 
illustrated  by  characteristically  quaint 
Japanese  prints,  the  book  carries  us 
through  the  stages  of  lighting  by  candles, 
oil  lamps,  and  lanterns,  &c.,  up  to  the 
illuminants  of  the  present  day.  Many 
of  the  early  designs  of  candle-sticks  and 
lanterns  are  decidedly  quaint  or  beaiitiful, 
and  present  a  complete  contrast  with 
our  highly  utilitarian  modern  methods. 

If  one  may  judge  from  the  illustrations, 
however,  it  Mould  seem  that  electric 
lighting  fittings  are  being  adapted  with 
little  change  from  the  designs  usual  in 
the  West.  While  it  cannot  be  doubted 
that  in  the  East,  as  in  the  West,  modern 
methods  of  ilhunination  are  inevitable 
and  essential,  yet  one  may  venture  to 
hope  that  the  characteristic  charm  of 
the  older  illuminants  will  not  be  lost. 
Engineers  and  artists  in  Japan  will,  we 
hope,  exercise  their  ingenuity  in  grafting 
the  new  on  to  the  old,  providing  the 
higher  standard  of  illumination  entailed 
in  modern  progress,  and  yet  preserving 
some  of  the  quaint  and  picturesque 
simplicity  of  times  gone  by. 


The  Excess  Profits  Duty  and  Profits  of 
Controlled  Establishments,  by  E.  A. 
Sjncer  and  E.  C.  Pegler,  Chartered 
Accountants.  {H.  Foidks  Lynch  and 
Co.,  61,  Watling  Street,  London.  1916. 
163  jyp.) 

At  the  present  moment  there  are  few 
businesses  which  are  not  to  some  extent 
concerned  with  the  Excess  Profits  Duty. 
While  the  principles  involved  are  simple, 
the  applications  of  the  Excess  Profits 
Duty  to  different  classes  of  business  are 
somewhat  complex,  and  the  above  little 
vohime  should   therefore  be  welcome. 

The  book  is  divided  into  five  chapters, 
dealing  respectively  with  the  Excess 
Profits  Duty,  the  Computation  of  Profits, 
the  Pre-AVar  Standard  of  Profits,  Capital, 
and  the  Profits  of  Controlled  Establish- 
ments. There  are  also  an  Appendix  in 
which  the  section  of  the  Act  dealing 
with  Excess  Profits  is  rcjirodiiced,  and 
a  convenient  Index.  There  is  a  concise 
sununary  of  contents  at  the  liead  of  each 
chapter. 
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Paint  and  Colour  Mixing,  by  A.  S. 
Jennings.  (E.  and  F.  N.  Spon,  Ltd., 
London,  S.W.,  \^\o.  245  j^P-  Seventeen 
coloured  plates.) 

Readers  of  this  journal  are  naturally 
interested  in  the  qxiestion  of  colour,  which 
is  of  importance  in  many  lighting  prob- 
lems, especially  in  trades  where  accurate 
matching  of  shades  is  essential.  This 
book,  which  summarises  present  practice 
in  regard  to  paint  and  colour  mixing,  is 
therefore  well  worth  study.  The  initial 
chapters  contain  an  account  of  appliances 
for  mixing  and  applying  colours,  and  an 
explanation  of  the  distinction  between 
various  oil  and  water  paints,  distempers, 
and  sjjecial  surfaces.  There  are  also 
sections  dealing  with  the  chief  colours  in 
succession,  and  a  feature  is  the  series  of 
coloured  plates,  containing,  it  is  stated 
over  300  samjDles  of  actual  oil-  and  water- 
paints  and  water-colours. 

The  chapter  on  nomenclatm-e  is  of  con- 
siderable interest.  The  author  mentions 
several  independent  attempts  to  prepare 
a  series  of  standard  colours,  for  example. 


that  due  to  Mr.  Robert  RidgAvay,  Cm-ator 
of  the  Division  of  Birds,  United  States 
National  Museum,  Washington,  and  the 
excellent  series  of  plates  furnished  in  the 
"  Repertoire  de  Couleurs  par  la  Societe 
Francaise  des  Chrysanthemistes."  The 
systems  of  nomenclature  adopted  by 
those  interested  in  different  processes  of 
colour-matching,  e.g.,  artists,  flower 
florists,  painters,  dyers,  &c.,  differ  very 
considerably ;  even  in  the  same  trade 
surprising  variations  in  the  names  assigned 
to  colours  seem  to  prevail.  Evidently 
there  is  rooin  for  an  attempt  to  frame  a 
general  scientific  method  of  nomen- 
clature. 

Another  matter  is  the  matching  of 
colours  by  various  lights.  The  author 
refers  to  the  need  for  using  a  good  north 
daylight  for  accurate  work,  but  he  does 
not  appear  to  deal  with  matching  by 
artificial  light  in  any  detail.  In  a  future 
edition  it  would  be  interesting  to  in- 
clude some  mention  of  the  various  forms 
of  "  artificial  daylight  "  now  available, 
and  to  discuss  their  practicability  for 
colour-matching  processes. 


PERSONAL. 

We  are  informed  that  Mr.  S.  R.  Mullard, 
of  the  Research  Laboratory  of  the  Edison 
and  Swan  United  Electric  Light  Co.,  Ltd., 
has  been  granted  a  temporary  com- 
mission as  Lieut.  R.N.V.R.,  attached  to 
the  R.N.A.S.  We  miderstand  that  Lieut. 
Mullard  is  being  retained  by  the  Ediswan 
Co.,  which  will  enable  him  to  keep  in 
touch  with  his  laboratory  work. 


We  learn  with  great  regret  of  the  loss  of 
Company-Sergeant  Major  E.  C.  Laughton, 
who  for  nine  years  was  associated  with  the 
Lamp  and  Fittings  Dept.  of  ^Messrs. 
Siemens  Bros.  Djnamo  Works,  Ltd.,  and 
was  a  member  of  the  Illuminating  En- 
gineering Societj'.  He  joined  the  Forces 
in  September,  1914,  and  fell  during  the 
recent  offensive  in  France,  after  14 
months'  active  service.  Besides  showing 
considerable  business  aptitude,  his  genial 
disposition  gained  him  many  friends  in 
the  electrical  industry,  and  his  loss  will 
be  widely  regretted. 
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WAR    ECONOMY. 


In  consequence  of  the  War,  the  cost  of 
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tion Act,  1907,  and  liolds  good  for  tlie  current  month  of  issue  only. 
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This  Coupon  must  not  be  cut  out  but  left  intact  in  The  Illuminating  Engineer  as  tiiat, 
being  dated,  forms  the  only  evidence  of  its  currency. 
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AN  INDUSTRIAL  INDIRECT  LIGHTING 
INSTALLATION. 

In  view  of  the  general  impression  that 
indirect  lighting  is  somewhat  limited  in 
scope  for  industrial  lighting,  the  accom- 
panying illustration,  for  which  we  are 
indebted  to  the  National  X-Ray  Re- 
flector Co.  of  Chicago,  is  of  interest. 

The  photograph  refers  to  the  Packing 
Dept.  of  one  of  the  factories  of  the  Kellogg 
Toasted  Corn  Flake  Co.  (Battle  Creek, 
Michigan,  U.S.A.),  and  is  typical  of  the 


siderable  amount  of  diffused  reflection  is 
obtained,  so  that  the  conditions  are 
favourable  to  indirect  lighting. 

The  factory  is  divided  into  bays 
13  ft.  by  20  ft.,  making  an  area  of  260 
square  feet  for  each  bay.  At  the  centre 
of  each  bay  is  suspended  an  indirect 
"  X-ray "  fitting  with  300  watt  lamp. 
The  fixture  is  also  finished  in  white  and 
is  washable. 

The  machines  seen  in  the  foreground 
fold  the  cardboard  boxes  in  which  the  corn 
flakes  are  afterwards  deposited.  For 
such    work    well -diffused   illumination    is 


modern  type  of  factory  building  now 
being  constructed  in  the  LTnited  States, 
for  which  reinforced  concrete  is  largely 
used.  The  walls  and  ceilings  are  finished 
in  white  and  the  floors  are  of  natural 
concrete.     In  these  circimistances  a  con- 


necessary  and  we  understand  that  the 
indirect  system  has  given  satisfactory 
results. 

We  may  mention  that  the  British 
Thomson-Houston  Co.,  Ltd.,  are  sole 
British  agents  for  all  X-ray  specialities. 


AN   ECONOMICAL    NIGHT-LIGHT. 

The  need  for  low  candleiDower  electrical 
units  to  serve  as  night-lights  and  for  vise 
in  cellars,  passages,  &c.,  is  well  recognised. 
On  D.C.  circuits  it  is  not  very  convenient 
to  obtain  a  sufficiently  low  consumption 
unit,  althovigh  various  devices,  such  as 
the  use  of  dimming  switches,  or  of  double 
filament  lamps,  have  been  used. 

On  alternating  circuits  the  problem  is 


easily  solved  by  using  a  low  candlepower 
metal  filament  lamp  operated  from  a 
transformer.  The  "  All-nite-lite  "  sup- 
plied by  the  British  Thomson -Houston 
Co.,  Ltd.,  employs  this  method,  a  lamp 
giving  3—4  candles  being  mounted 
direct  on  a  small  transformer  so  that 
the  whole  can  be  conveniently  inserted 
into  a  standard  lamp  socket.  Where 
alternating  ciuTent  is  available  this  little 
unit  should  be  quite  useful. 


ILLUMINATING 
ENGINEER. 

LEON     GASrEP>^ 


n 


THE  JOURNAL  OF  SCIENTIFIC 
ILLUMINATION. 

OFTICIAL  ORGAN  OP  THE 

illuminating  Bnotneerlno  Society. 

(Founded  in  London,  1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY   LTD 

32,  VICTORIA  STREET,  LONDON   S.W. 

Tel.  No.  5216  Victoria. 


EDITORIAL. 

Scientific  and  Industrial  Researcii. 

The  Advisory  Council  to  the  Committee  of  the  Privy  Council  for 
Scientific  and  Industrial  Research  has  just  issued  their  first  Report  for  the 
year  1915 — 1916,  a  summary  of  which  will  be  found  on  pp.  277-280  in  the 
present  number. 

The  work  of  the  Committee  has  been  entered  upon  in  somewhat  difficult 
circumstances.  Most  of  our  industries  are  disturbed  by  the  war,  and  the 
energies  of  skilled  workers  have  been  diverted  into  other  directions.  The 
Universities,  too,  have  been  largely  depleted  of  their  staff  and  students 
and,  to  quote  the  Report,  "  those  who  remain  can  command  neither  the 
leisure  nor  the  detachment  of  spirit  that  are  essential  conditions  for  original 
research." 

In  these  circumstances  it  may  be  asked  "  Why  try  to  make  a  start 
now  ?  Why  not  wait  until  the  war  is  over  and  normal  industrial  con- 
ditions return  ?  "  The  Report  answers  this  objection  by  pointing  out 
that  the  machinery  for  research  cannot  be  improvised  at  a  moment's  notice. 
When  hostilities  cease  there  will  doubtless  be  a  period  of  adjustment  and 
reconstruction,  and  our  industries  will  then  be  in  urgent  need  of  guidance 
and  assistance.  The  Council,  therefore,  wisely  determined  to  make  a 
commencement,  to  feel  their  way  steadily  but  surely  for  the  present,  and 
to  construct  connections  and  machinery  which  will  be  capable  of  expansion 
and  wider  application  in  the  future. 

In  many  directions,  e.g.,  in  connection  with  metallurgy,  pottery,  dye- 
stuffs,  optical  glass,  etc.,  work  has  already  been  done.     There  are  naturally 
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many  details  of  organisation  that  require  study.  One  interesting  point  is 
the  respective  spheres  of  action  of  Universities  and  highly  specialised 
research  institutions.  The  primary  function  of  the  University  is  admittedly 
to  foster  pure  scientific  research,  on  the  continuity  of  which  industrial 
progress  ultimately  depends.  Yet  it  is  desirable  that  Universities  should 
also  carry  on  a  certain  amount  of  research  of  direct  industrial  application  ; 
otherwise  they  are  apt  to  get  out  of  touch  with  the  industrial  world,  the 
process  of  conversion  of  pure  science  into  applied  science  may  be  checked, 
and  the  channel  of  communication  between  the  scientist  and  the  manu- 
facturer impeded.  There  are,  however,  highly  technical  industrial  experi- 
ments which  require  to  be  carried  on  continuously  for  long  periods,  with 
the  researcher  in  constant  touch  with  the  industry  concerned,  and  in  these 
cases  highly  specialised  research  institutions  may  be  needed. 

Speaking  generally,  results  of  great  commercial  importance  are  obtained 
as  a  rule  after  continuous  research  over  a  number  of  years.  The  conception 
that  research  must  be  made  to  pay  its  way  within  a  limited  period  would  be 
fatal  to  such  work,  and  this  is  one  reason  for  advocating  that  such  experiments 
should  be  undertaken  with  the  support  of  a  whole  industry,  which  can  afford 
to  bear  the  expenditure  and  await  results,  which  an  individual  manufacturer 
frequently  cannot  do. 

One  of  the  most  encouraging  facts  recorded  in  the  Report  is  the  readi- 
ness of  professional  institutions.  Universities,  and  trade  associations 
approached  by  the  Council  to  co-operate  in  the  initiation  of  researches  of 
common  benefit.     This  is  a  hopeful  sign  for  the  future. 

An  obstacle  to  the  progress  of  industrial  research  is  the  fact  that  at 
present  few  manufacturers  have  received  a  scientific  training,  and  men 
in  charge  of  highly  technical  and  essentially  scientific  industries  are  often 
unable  to  appreciate  the  nature  of  research  or  the  conditions  essential  to 
its  successful  application.  In  some  cases  fear  of  the  uncertain  future 
operates  as  a  deterrent.  But  whatever  the  future  may  have  in  store  it 
seems  certain  that  we  can  only  compete  successfully  with  other  countries 
if  our  organisation  and  scientific  training  are  at  least  equal  to  theirs.  This 
is  particularly  true  of  the  important  "  key-industries." 

In  this  connection  it  is  remarked  : — "  A  healthy  condition  of  such 
industries  can  only  be  secured  if,  for  some  time  to  come,  a  good  deal  of 
attention  and  money  are  expended  upon  convincing  the  manufacturer 
that  scientific  research  is  a  paying  proposition." 

The  immediate  problem  before  us  is  therefore  the  exercise  of  a  steady 
educational  influence  in  favour  of  scientific  and  industrial  research.  This 
is  work  that  can  and  should  be  done  now  as  a  preliminary  to  action  in  the 
future.  We  should  like  to  recall  one  important  channel  of  influence — of 
which  we  have  every  season  to  believe  that  the  Advisory  Council  is  well 
aware,  although  it  is  not  specifically  mentioned  in  the  Report — the  scientific 
and  technical  press.  The  two  Resolutions  recently  passed  at  a  meeting 
of  the  Circle  of  Scientific  Technical  and  Trade  Journalists  put  on  record 
their  willingness  to  co-operate  in  this  direction,  and  there  can  be  no  doubt 
that  they  are  in  a  position  to  do  good  service  by  acting  as  a  channel  of 
information  to  the  respective  industries  with  which  they  are  connected. 
If,  therefore,  the  Advisory  Council  will  seek  the  co-operation  of  such  journals 
and  arrange  an  organised  effort  in  the  desired  direction  the  seed  of  future 
progress  would  be  sown,  and  the  ground  prepared  now  for  the  far-reaching 
measures  which  will  doubtless  be  taken  in  the  future. 
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Illumination  in  the  Navy. 

The  lighting  of  battleships  and  the  many  ingenious  applications  of 
light  and  optics  in  naval  gunnery,  searchlights,  and  other  special  directions, 
is  a  most  fascinating  field  for  study.  At  present  it  is  naturally  impossible 
to  discuss  in  detail  such  applications  in  the  British  Navy,  although  we  hope 
that  after  the  war  it  will  be  possible  to  say  more  on  this  subject. 

Meantime  we  notice  that  in  the  United  States  naval  matters  are  being 
keenly  discussed,  especially  in  their  engineering  aspects,  an  instance  being 
the  paper  by  Lieut.  C.  S.  McDowell  on  "  Illumination  in  the  Navy,"  which 
is  referred  to  on  pp.  281 — 283  in  this  issue.  The"  battle  "  and  "  lighting  " 
circuits  on  American  warships,  he  states,  are  supplemented  by  a  special 
emergency  circuit,  and  it  is  evident  that  the  entire  interruption  of  the  lighting 
of  a  ship  in  action  would  often  be  a  serious  matter.  Every  effort  is  therefore 
made  for  the  duplication  and  protection  of  circuits.  It  is  interesting  to 
note  that  as  far  back  as  1912  the  Navy  Department  initiated  a  special 
investigation  into  the  conditions  of  illumination  on  warships,  as  a  result 
of  which  a  table  of  the  illumination-intensities  in  foot-candles  in  various 
departments  was  drawn  up.  In  view  of  the  fact  that  life  on  board  shiy 
takes  place  so  largely  under  cover,  where  there  is  little,  if  any,  access  of 
daylight,  it  seems  very  desbable  to  fix  a  reasonable  standard  for  the  artificial 
illumination. 

The  design  and  use  of  searchlights,  and  the  application  of  Ught  for 
signalling  purposes  are  also  discussed  in  Lieut.  McDowell's  paper.  Experi- 
ments on  cooled  electrodes,  run  at  a  very  high  current  density,  have  now 
been  made  in  the  United  States,  and  it  is  stated  that  the  candlepower  and 
concentration  of  beam  of  the  Beck  searchlight  have  been  equalled  and 
even  surpassed.  Good  progress  has  also  been  made  with  projectors  of 
moderate  power,  using  concentrated  incandescent  filaments.  The  highly 
debateable  question  of  the  effect  of  colour  of  the  beam  is  also  discussed. 
There  is  a  general  impression  that  the  use  of  gold-mirrors,  or  yellow  trans- 
parent diaphragms,  in  order  to  exclude  the  blue  and  violet  light,  is  advan- 
tageous, but  the  question  cannot  be  regarded  as  finally  settled. 

Lieut.  McDowell's  paper  suggests  that  the  United  States  Navy  is 
keenly  alert  to  the  necessity  of  being  kept  informed  of  the  latest  advances 
in  illumination.  For  some  time  a  movement  has  been  in  progress  for 
organising  the  scientific  and  engineering  resources  of  the  country  for  naval 
work.  We  notice,  for  example,  an  address  by  Mr.  Frank  P.  Sprague,  a 
member  of  the  Naval  Consulting  Board  of  the  United  States  on  "  Naval 
Preparedness  and  the  Civilian  Engineer."* 

Mr.  Sprague  gives  some  interesting  particulars  of  the  work  of  the  Naval 
Consulting  Board,  which  was  formed  by  the  appointment  of  two  repre- 
sentatives by  each  of  the  leading  scientific  and  engineering  bodies  in  that 
country.  The  Board  has  already  recommended  the  erection  and  equipment 
of  a  Naval  Research  Laboratory  and  Experimental  Station,  at  a  cost  of 
about  one  million  pounds,  with  an  annual  expenditure  on  experimental 
work  of  about  half  a  million  pounds. 

It  is  significant  that  one  of  the  first  steps  taken  by  the  United  States 
in  the  direction  of  "  Preparedness  "  should  be  in  the  direction  of  organising 
scientific  research.  No  doubt  this  matter  is  receiving  attention  from  the 
Authorities  in  this  country. 

*  Jour,  of  the  Western  Society  of  Engineers,  Vch.  1916. 


274  THE  ILLUMINATING  ENGINEER  (sept.   1916) 

Hours  of  Labour. 

It  will  be  recalled  that  in  a  recent  Memorandum  issued  by  the  Com- 
mittee of  the  Ministry  of  Munitions  (No.  5)  some  general  recommendations 
were  made  as  to  the  limitation  of  hours  of  work.  Since  that  time  detailed 
inquiries  into  various  kinds  of  work  have  been  made,  and  a  striking  Report 
on  the  subject  by  Dr.  H.  M.  Vernon,  whose  services  were  secured  by  the 
Medical  Research  Committee,  has  just  been  issued. 

It  was  previously  suggested  that  the  average  weekly  hours  of  labour, 
including  overtime,  should  not  exceed  65 — 67  for  men,  and  60  hours  for 
women.  Naturally  such  figures  may  require  a  little  modification  according 
to  the  kind  of  work  done,  and  in  Dr.  Vernon's  researches  a  broad  distinction 
has  been  drawn  between  heavy,  moderately  heavy,  and  light  labour. 

The  results  confirm  the  previous  recommendations  in  a  most  remark- 
able manner.  Indeed,  in  many  cases  the  hours  might  with  benefit  apparently 
be  reduced  below  the  figures  quoted  above.  There  is  clear  indication  of  the 
benefit  of  a  short  holiday.  By  tabulating  the  hours  of  work,  hourly  output, 
and  the  produce  of  these  two  quantities  over  a  period  of  several  months, 
it  was  often  possible  to  establish  that  longer  hours  meant,  in  the  long  run,  a 
smaller  output.  Thus  in  the  case  of  100  women  turning  fuse-bodies,  it 
was  shown  that  a  diminution  in  working  hours  from  68-2  to  59' 7  hours 
per  week  was  coincident  with  a  gain  in  total  output  of  8  per  cent. 
In  the  case  of  a  group  of  youths  of  14 — 17  years  of  age,  also  working  on 
fuse-bodies,  an  even  more  remarkable  result  is  recorded.  It  was  found 
that  after  the  Christmas  holiday  the  hourly  output  rose  to  16  per  cent, 
greater  than  in  the  pre-Christmas  period,  in  spite  of  slightly  longer  hours, 
whilst  it  was  no  less  than  42  per  cent,  greater  in  the  eleven  subsequent  weeks, 
when  the  weekly  hours  of  labour  were  reduced  from  70" 3  to  57* 0  ;  in  conse- 
quence the  total  output  attained  a  value  19  per  cent,  in  excess  of  that 
before  Christmas.  These  boys  were  evidently  overworked  bj^'  the  long 
hours,  and  the  reduction  from  12  to  8  hours  had  an  immediate  beneficial 
influence. 

Such  cases  prove  the  desirability  of  a  careful  scientific  study  of  hours 
of  labour  in  the  interests  of  production,  quite  apart  from  their  influence 
on  the  future  health  and  well  being  of  workers.  It  is  to  be  noted  that,  in 
view  of  the  present  emergency  the  hours  suggested  are  the  maximmn  hours 
of  work  from  the  point  of  view  of  production  ;  they  are  probably  only 
possible  for  the  fittest  of  the  workers,  and  much  in  advance  of  the  number 
of  hours  which  would  be  considered  best  in  time  of  peace. 

Another  point  that  deserves  fuller  study  is  the  effect  of  a  short  recu- 
peratory  pause  during  the  day.  If  workers  are  left  to  themselves  they 
take  rests  at  irregular  and  often  unsuitable  times.  It  would  be  much 
better  to  arrange  for  regular  pauses  at  intervals,  which  will  naturally  vary 
with  the  class  of  work,  and  can  only  be  determined  by  experiment.  In 
many  works  there  is  a  needless  loss  of  time  in  starting  and  ceasing  work, 
and  if  this  could  be  avoided  the  time  thus  gained  might  well  be  utilised 
for  rest  purposes  at  convenient  intervals. 

In  this  connection  the  proper  heating  and  ventilation  of  a  factory  is  a 
most  important  matter.  In  order  to  raise  the  temperature  of  a  large  room 
to  a  comfortable  value,  the  heating  arrangements  should  be  put  into  operation 
for  a  suitable  period  before  the  actual  start  of  work.  Otherwise  time  will 
inevitably  be  lost  because  the  operators  are  physically  incapable  of  giving 
the  full  output  during  the  initial  hours  of  work. 

Leon  Gaster. 
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PROGRESS    IN 
NATURAL    SCHOOL    LIGHTING. 


In  a  recent  number  of  ScJwol  Hygiene  * 
Mr.  G.  H.  Widdows,  F.E.I.B.A.,  gives  an 
account  of  a  most  mteresting  "  open  air  " 
school  at  North  Wingfield  (Derbyshire), 
the  building  of  which  was  specially 
designed  by  him  to  meet  the  requirements 
of  adequate  ventilation,  heating  and 
lighting.  The  school  has  been  running 
for  nearly  eighteen  months.  Through  the 
courtesy  of  the  Derbyshire  Education 
Committee  it  was  inspected  when  in  course 
of  erection  by  the  Joint  Committee  of  the 
Illuminating  Engineering  Society  ap- 
pointed in  1913  to  consider  Natural 
Lighting  in  Schools.  Mr.  Widdows 
expresses  appreciation  of  the  work  of 
the  Illuminating  Engineering  Society 
on  this  complex  subject — work  which,  but 
for  the  interruption  caused  by  the  out- 
break of  war  shortly  after  the  issue  of  the 
Committee's  report,  would  doubtless  have 
received  much  more  attention. 

The  arrangements  at  the  North  Wing- 
field  School  in  respect  of  lighting,  heating 
and  ventilation  are,  in  some  respects, 
unique.  In  the  design  of  schools  ventila- 
tion is  usually  achieved  through  the 
windows  and  there  must  therefore  be 
a  compromise  between  the  conditions 
respectively  most  ideal  for  lighting  and 
ventilation.  Mr.  Widdows  has  avoided 
this  difficulty  by  arranging  for  ventilation 
through  doors,  which  are  arranged  to  run 
the  whole  length  of  both  sides  of  the 
classroom.  The  doors  can  be  opened 
as  a  whole,  and  the  top  half  of  the  door 
can  also  be  dropped  or  only  lowered  a 
few  inches.  This  utilisation  of  the  upper 
door-area  is  useful  on  cold  days  as  it 
provides  for  access  of  fresh  air  into  the 
upper  part  of  the  room  without  causing 
a  cold  draught  round  the  feet  of  the 
children.  Moreover  the  fact  of  having 
doors  along  both  sides  of  the  room  makes 
it  possible  to  provide  ventilation  from 
either  side,  according  to  the  direction 
of  the  wind. 

*  May,  191 G. 


It  has  generally  been  assumed  in  school- 
lighting  that  access  of  light  must  be  pro- 
vided mainly  by  windows  in  the  vertical 
walls.  As  a  rule  the  construction  of  the 
building  makes  this  obligatory  but  it  is 
evident  that  when  schools  can  be  specially 
designed  with  a  single  story  an  inclined 
sky-light  may  be  more  efficient.  Mr. 
Widdows  has  therefore  made  use  of  a 
continuous  sky-light  inclined  at  60  degrees 
with  the  horizontal  on  the  north  side  of 
the  rooms.  This  gives  abundant  and  very 
even  illumination,  the  "north  light" 
being  recognised  as  the  best  form  of  day- 
light illumination  for  studios  and  other 
cases  where  a  steady  illumination  is 
wanted.  Some  dormers  on  the  south  side 
have  also  been  provided  as  it  was  thought 
desirable  to  allow  access  of  sunlight  into 
the  rooms  from  time  to  time.  These 
windows  can  be  screened  with  curtains 
in  cases  where  the  cross-shadows  cast  by 
them  are  apt  to  be  inconvenient.  Even 
with  the  curtains  drawn  the  least-lighted 
part  of  the  room  receives  as  much  as  5 
per  cent,  of  the  outside  unrestricted 
illumination — a  very  high  value  when  it 
is  remembered  that  schoolrooms  where  the 
minimum  illumination  is  not  less  than 
one  per  cent,  of  the  outdoor  illumination 
are  usually  considered  to  be  well-lighted. 

The  heating  of  the  school  is  also 
arranged  on  a  novel  plan.  A  steam 
boiler  working  at  3  lb.  pressure  is  pro- 
vided. The  floors  are  made  of  concrete 
with  grid-iron  trenches  into  which  the 
steam  pipes  are  taken.  Over  the  trenches 
are  laid  stone  slabs  and  the  heat  rises 
from  the  floor  and  is  thus  very  evenely 
communicated  throughout  the  room. 
The  system  is  said  to  be  exceptionally 
efficient.  The  only  other  heating  in  the 
rooms  is  afforded  by  a  steam  pipe  running 
round  the  rooms  immediately  under  the 
level  of  the  skylights.  This  serves  to 
prevent  a  down  draught.  With  this 
exception  the  piping  is  entirely  out  of 
sight  but  can  easily  be  reached  at  any 
time  by  merely  lifting  the  stone  slabs  ; 
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the  absence  of  unsightly  masses  of  pipes 
round  the  room  is  a  distinct  advantage. 
In  order  to  illustrate  the  uniformity 
of  the  distribution  of  heat  it  is  mentioned 
that  the  temperatures  one  foot  and  six 
feet  above  the  floor  were  respectively  59° 
and  57°.  The  floor-temperature  need  not 
exceed  75°,  and  this  should  not  be  trying 
to  people  with  normal  feet. 

Mr.  Widdows  was  no  doubt  fortunate 
in  the  conditions  under  which  this  design 
was  carried  out,  and  it  may  naturally  be 
difficult  to  secure  equally  satisfactory 
arrangements  in  large  many-storied  town 
schools  in  congested  areas.  The  experi- 
ment is,  however,  well  worth  notice  by 
those  concerned  with  country  school 
design.  Other  schools  of  the  same  type 
were  to  have  been  erected  in  Derbyshire, 
but  the  work  has  been  interrupted  by  the 
war.  Let  us  hope,  with  Mr.  Widdows, 
that  "  all  the  efiorts  which  have  been 
put  forth  to  improve  the  lot  of  the  school 
child  will  not  be  brought  to  nought,  and 
that  the  education  and  housing  of  the 
children  will  not  be  the  first  thing  to 
suffer  when  the  much-longed-for  peace 
comes." 


TWO  NOVEL  SAFETY-DEVICES. 

A  RECENT  issue  of  Popular  Mechanics 
describes  two  novel  safety-devices  being 
employed  in  America. 

The  first  of  these  is  a  periscope  of 
large  size  which  is  mounted  in  the  signal 
cabin  near  a  somewhat  complicated  piece 
of  track  on  the  Elevated  Eailway  of 
Chicago.  This  enables  the  operator  to 
observe  the  motions  of  adjacent  trains 
when  they  would  otherwise  be  out  of  the 
direct  range  of  vision. 

The  second  device  involves  the  use  of  a 
luminous  hand,  which  is  compased  of 
translucent  material  and  illuminated  by 
a  small  glow  lamp  placed  within  it. 
This  is  used  by  motorists  at  night,  being 
thrust  out  to  right  or  left  to  indicate  a 
turn,  just  as  the  driver  ordinarily  uses  his 
hand  in  the  daytime. 


TESTS    OF    STREET    ILLUMINATION. 

In  a  recent  paper  before  the  Illuminating 
Engineering  Society  in  the  United  States, 
Mr.  P.  S.  Millar  draws  a  distinction 
between  tests  of  the  effectiveness  of  the 
lighting,  and  tests  to  determine  com- 
pliance with  a  legal  contract.  The  latter 
should  be  based  mainly  on  the  specifica- 
tion of  certain  lamps,  arranged  in  a 
particular  manner  and  operated  under 
prescribed  conditions.  If  a  test  of  candle- 
power  is  enforced  this  should  relate 
to  the  total  flux  of  light  from  the  lamps 
used.  This  is  most  conveniently  tested 
with  an  Ulbricht  Globe  in  the  laboratory, 
but  Mr.  Millar  also  shows  an  illustration 
of  such  a  test  being  carried  out  in  the 
street.  The  Globe  and  accessories  are 
mounted  on  a  motor-trolley.  This  is 
brought  immediately  under  the  lamp 
to  be  examined  and  the  lamp  is  lowered 
through  the  aperture  at  the  top  of  the 
globe. 

A  description  is  also  given  of  a  very 
interesting  series  of  experiments  carried 
out  in  a  length  of  street  in  Philadelphia. 
Besides  tests  of  the  total  light-flux  of  each 
lamp,  the  horizontal  illumination  at  street 
level,  the  vertical  illumination  4  ft.  above 
the  street,  and  the  surface-brightness 
of  the  street  were  determined.  In  order 
to  determine  the  "  revealing  power  "  of 
the  illumination  small  discs  and  cylinders, 
painted  the  same  tint  as  the  street- 
surface,  were  distributed  along  the  road- 
way and  foot-passengers  and  people 
riding  were  asked  to  pick  them  out. 
Results  of  this  test  suggest  that  absolutely 
even  illumination  along  the  street  is  not 
essential,  since  variations  in  brightness 
are  often  useful  in  enabling  the  "  sil- 
houettes "  of  obstructions  to  be  recog- 
nised. On  the  other  hand  great  extremes 
of  illumination,  such  as  are  met  with  on 
country  roads,  are  naturally  unsatis- 
factory. 
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COMMITTEE   OF  THE  PRIVY   COUNCIL 
FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 


REPORT  OF  THE  ADVISORY  COUNCIL 
FOR  THE  YEAR  1915-1916. 

The  Advisory  Council,  which  was 
constituted  by  Order  of  Council  dated 
July  28th,  1915,  has  now  issued  a 
Report  for  the  past  year,  summarising 
the  most  important  steps  already  taken 
for  promoting  scientific  and  industrial 
research. 

In  referring  to  previous  Governmental 
action  in  this  direction  a  tribute  is  paid 
to  the  work  of  the  National  Physical 
Laboratory.  "  The  Laboratory,"  it  is 
pointed  out,  "  has  done  and  is  doing  most 
valuable  work  for  our  industries  and  for 
the  Government,  and  it  might  have  done 
much  more  had  it  been  endowed  with 
anything  like  the  annual  subvention  of 
nearly  £100,000  which  the  American 
Bureau  of  Standards  receives  for  develop- 
ment and  maintenance  from  the  United 
States  Government."  But  experience 
has  shown  that  no  single  institution, 
however  great  or  distinguished,  can 
expect  to  do  more  than  a  part  of  all  that 
our  vast  industries  require. 

The  foundation  in  1907,  under  a  Royal 
Charter,  of  the  Im])erial  College  of  Science 
and  Technology  was  also  a  most  impor- 
tant step.  Within  the  last  few  years 
science  and  engineering  have  also  received 
more  encouragement  at  Oxford  and 
Cambridge,  and  there  have  been  important 
developments  at  many  of  the  northern 
and  provincial  vmiversities. 

The  flotation  of  the  great  company, 
with  a  possible  ordinary  share  capital  of 
£3,000,000  (against  which  the  Treasury 
undertook  to  make  advances  up  to  a 
limit  of  £1,500,000  secured  by  debentures) 
for  the  manufacture  of  dyestulTs  and 
similar  chemical  materials  required  by 
the  textiles  industries  of  the  country,  is 
perhaps  one  of  tlie  most  important 
ventures  since  tlie  outbreak  of  war. 


Aims  and  Objects. 

In  explaining  the  steps  leading  to  the 
action  so  far  taken  for  the  promotion  of 
scientific  and  industrial  research,  the 
Report  emphasises  the  urgency  of  the 
problem  and  its  future  significance. 

"  The  brains,  even  the  very  processes, 
that  to-day  are  necessary  for  the  output 
of  munitions  were  yesterday  needed,  and 
will  be  needed  again  to-morrow,  for  the 
arts  of  peace.  .  .  ."  This  is  the  central 
fact  which  justified  the  establishment  of 
the  new  machinery  in  the  midst  of  a 
struggle  that  is  absorbing  the  whole 
energies  of  the  nation  in  a  way  no  previous 
war  has  done.  It  has  been  questioned 
whether  it  would  not  have  been  wiser  to 
avoid  the  inevitable  difficulties  resulting 
from  the  war  by  postponing  action  until 
peace  was  restored.  Mr.  Henderson  fore- 
saw this  criticism  when  he  remarked  that 
"  we  cannot  hope  to  improvise  an 
effective  system  at  the  moment  when 
hostilities  cease,  and  unless  during  the 
present  period  we  are  able  to  make  a 
substantial  advance  we  shall  certainly 
be  unable  to  do  what  is  necessary  in  the 
equally  difiicult  period  of  reconstruction 
which  will  follow  the  war." 

"  Pure  "     and     "  Applied  "     Science. 

The  Council,  however,  decided  to  give 
science  in  its  applications  to  industry 
precedence  over  "  pure  science."  While 
they  are  under  no  misapprehension  as  to 
the  relations  between  pure  and  applied 
science  and  recognise  that  what  is 
commonly  called  "  applied  science "  is 
merely  the  application  of  pure  science  to 
particular  classes  of  problems,  they  ])oint 
out  that  in  this  matter  they  have  to  deal 
with  the  point  of  view  of  the  jiractical 


business    world. 


Tht 


average    numu- 


facturer  is  impressed  with  the  ini])ortance 
of  quick   returns  ;     he   cannot  afford   to 
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wait.  The  managing  director  of  one 
manufacturing  firm  recently  told  us  that 
he  had  no  interest  in  research  which  did 
not  produce  results  within  a  year.  If 
science  can  help  him  to  overcome  the 
difficulties  that  cross  his  path  from  day 
to  day  he  welcomes  her.  He  wants  a 
handy  servant,  not  a  partner  with  ideas 
of  his  own."' 

No  doubt  there  are  firms  which  take 
a  more  enlightened  view,  but  the 
scepticism  of  the  average  business  man 
is  natural.  The  difficulties  that  present 
themselves  to  manufacturers  and  mer- 
chants seldom  afford  an  indication  of  the 
true  nature  of  the  problems  to  be  solved. 
They  are  generally  secondary  in  their 
nature,  and  a  direct  attack  on  them  is 
likely  to  be  as  empirical  as  the  sympto- 
matic treatment  of  disease.  Thus  such 
quick-result  inquiries  as  the  manufacturer 
is  induced  to  make  are  very  likely  to  be 
fruitless  and  to  reduce  his  enthusiasm 
for  science  still  further. 

Another  consideration  that  inclined  the 
Council  towards  the  encouragement  of 
researches  having  a  directly  practical 
application  was  that  the  universities, 
the  natural  homes  of  research  in  pure 
science,  have  been  so  depleted  of  students 
and  teachers  by  the  war  that  they  are 
barely  able  to  continue  their  routine 
work  and  can  command  neither  the 
leisure  nor  the  detachment  of  spirit  that 
are  essential  conditions  for  original  re- 
search. 

Standing  Committees. 

They  have,  therefore,  also  tried  to 
work  through  the  agency  of  Standing 
Committees  dealing  with  such  subjects 
as  metallurgy,  engineering,  mining,  &c., 
on  which  the  great  professional  institu- 
tions concerned,  working  in  conjunction 
with  the  Home  Office  and  the  Board  of 
Trade,  are  adequately  represented.  Other 
Standing  Committees  in  contemplation 
include  those  on  Fuel,  Rubber,  and  the 
Chemistry  of  Cotton  and  Paper,  and  a 
Standing  Committee  for  Textiles  with 
special  sections  for  Cotton,  Wool,  and 
Silk. 

In  addition,  advantage  has  been  taken 
of  the  research  facilities  of  many  educa- 
tional institutions  and  universities,  and 
of  the  leading*  Trade  Associations  and 
Professional    Institutions    and    Societies 


throughout  the  country,  including  the 
Institute  of  Chemistry,  the  Society  of 
Chemical  Industry,  the  Society  of  Public 
Analysts,  the  Society  of  Dyers  and 
Colourists,  the  Royal  Institute  of  British 
Architects,  the  Faraday  Society,  the 
British  Electrical  and  Allied  Manufac- 
turers' Association,  the  Staffordshire 
Pottery  Association,  the  Silk  Association, 
the  Federation  of  Master  Printers,  &c. 

A  compilation  of  a  Register  of  the 
Researches  actually  being  conducted  by 
Universities  and  Institutions  throughout 
the  country  has  been  undertaken,  and  a 
careful  survey  is  also  to  be  made  of  the 
facilities  for  research  throughout  the 
country.  It  is  hoped  that  the  Register 
will  enable  workers  on  specific  subjects 
to  be  found  when  new  proposals  for 
experiments  are  brought  forward.  Speak- 
ing generally,  the  great  need  is  for 
Organisation  and  Co-operation.  It  is 
gratifying  to  note  the  statement  of  the 
Committee  that : — 

"  In  the  numerous  conferences  we  have 
had  Muth  representatives  of  different 
industries,  we  have  been  impressed  by 
the  spirit  of  co-operation  which  is  growing 
up  and  the  willingness  to  accept  our 
suggestions  for  the  initiation  of  research 
for  the  benefit  of  the  trade  as  a  whole." 

Examples  of  Emergency  Research. 

The  emergencies  arising  on  the  out- 
break of  war  have  in  themselves  induced 
many  manufacturers  to  act.  Thus  the 
great  steel  manufacturers  were  in  grave 
danger  from  the  possible  exhaustion  of 
the  supply  of  chemical  glass  necessary  for 
the  testing  of  their  materials.  Consulting 
chemists  were  in  the  same  difficulty. 
The  work  of  the  Institute  of  Chemistry 
has  done  much  to  remedy  this  deficiency. 
Similarly,  pottery  manufacturers  were  in 
lack  of  the  Segar  cones  necessary  as  a 
guide  to  the  firing  of  their  china  and 
earthenware.  Dr.  Meldola,  the  Principal 
of  the  Stoke  Pottery  School,  stej^ped  into 
the  breach,  and  was  soon  able  to  manu- 
facture sufficient  cones  for  the  whole 
pottery  trade.  This  and  other  facts  led 
eventually  to  the  erection  of  special 
research  laboratories  and  workshops  in 
connection  with  the  Stoke  School  of 
Pottery,  for  which  a  special  grant  was 
given  bv  the  Board   of  Education,   and 
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where  experiments  on  the  manufacture 
of  hard  porcelain  with  British  materials 
are  being  conducted. 

Co-operation  of  Trade  Associations. 

There  has  also  been  a  significant  move- 
ment towards  forming  powerful  Trade 
Associations,  resembling  those  prevailing 
abroad,  and  in  several  cases  these  Asso- 
ciations are  already  taking  steps  to  foster 
research  in  their  respective  industries. 
It  has  been  pointed  out  that  a  manufac- 
turer who  requires  information  is  under 
a  drawback  in  being  obliged  to  consult 
an  individual  expert  and  to  bear  person- 
ally the  whole  burden  of  the  fees  involved . 
There  is  need  for  the  establishment  of  a 
great  central  institute,  where  joint  re- 
searches can  be  conducted  for  the  benefit 
of  all  the  members  of  an  industry. 
Equally  pressing  is  the  problem  of 
devising  facilities  for  finance  similar  to 
those  provided  abroad  by  the  industrial 
banks.  The  Board  of  Trade  has  appointed 
a  Committee,  under  the  chairmanship  of 
Lord  Faringdon,  "  to  consider  the  best 
means  of  meeting  the  needs  of  British 
firms  after  the  war  as  regards  national 
financial  facilities  for  trade,  particularly 
with  reference  to  the  financing  of  large 
overseas  contracts,  and  to  prepare  a 
detailed  scheme  for  the  purpose." 

"  Key-Industries  "    and    State 
Assistance. 

The  fear  has  often  been  expressed  that 
there  is  no  security  that,  after  new 
ventures  have  been  undertaken,  manu- 
facturers will  not  be  left  at  the  mercy  of 
the  highly-organised  competition  of  foreign 
countries  after  the  war.  There  appears 
to  be  no  single  specific  remedy.  Organi- 
sation can  only  be  met  by  counter- 
organisation,  and  the  solution  of  the 
difficulty  must  lie  in  co-operation  of  an 
industry  as  a  whole,  in  place  of  the 
independent  efforts  of  manufacturers 
acting  as  individual  units.  On  the  other 
hand,  in  the  case  of  certain  "  key- 
industTi(!S,"  on  which  many  others  are 
dependent,  provision  may  be  taken  for 
some  State  assistance.  Apart  from  their 
industrial  importance,  these  higlily 
scientific  trades  deserve  recognition  in 
view  of  their  educational  and  int(>ll(vtua) 


value,  and  their  influence  in  raising  the 
status  of  the  industrial  life  of  the  nation. 
In  any  case  a  healthy  condition  of  such 
industries  can  only  be  secured  if,  for  some 
time  to  come,  a  good  deal  of  attention 
and  money  are  expended  upon  convincing 
the  manufacturing  world  that  scientific 
research  is  a  paying  proposition.  In  this 
connection  an  interesting  analysis  is  made 
of  the  conditions  in  the  United  States, 
and  the  respective  parts  played  by 
Universities  and  manufacturing  concerns 
in  proinoting  research.  As  examples 
the  highly  developed  arrangements  of  the 
Eastman  Kodak  Co.  and  the  National 
Electrical  Lamp  Association  are  quoted. 
It  is  interesting  to  note  the  contribution 
of  the  Prussian  Government  to  the 
optical  work  of  the  firm  of  Scliott  of  Jena 
is,  apparently,  the  only  instance  of  direct 
assistance  derived  from  the  German 
Government.  On  the  other  hand,  the 
German  States  spend  lavishly  on  their 
education,  particularly  upon  Universities, 
Technical  High  Schools,  and  Research 
Laboratories,  from  which  the  industries  as 
a  whole  benefit. 

Respective  Operations  of  Universities 
AND  Research  Institutes. 

The  view  has  been  expressed  that 
Universities  are  not  well  adapted  for  long- 
sustained  researches  requiring  consider- 
able industrial  equipment,  and  the  alloca- 
tion of  their  activities  to  "  pure  science  " 
of  benefit  to  humanity  as  a  whole,  and 
"  applied  science,"  in  connection  with 
specific  industries,  requires  careful  study. 
There  is  doubtless  a  field  for  special 
research  institutes,  such  as  the  Stoke 
Pottery  School  and  the  Research  Institute 
for  Glass  at  the  University  of  Sheffield, 
and  the  plan  adopted  in  America  of 
granting  fellowships  for  researches  on 
specific  subjects,  with  the  support  of  the 
industry  concerned  therein,  also  deserves 
mention. 

Conclusion. 

After  referring  to  the  measures  for 
developing  industrial  researcli  now  being 
taken  in  various  ])arts  of  the  Empire, 
notably  in  Australia,  the  Report  offers 
several  tentative  conclusions.  Among 
the  conditions  essential  to  the  realisation 
of  the  aims  they  have  in  view  are  :    (1)  A 
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largely  increased  supply  of  competent 
researchers ;  (2)  a  hearty  spirit  of  co- 
operation among  all  concerned,  men  of 
science,  men  of  business,  working  men, 
professional  and  scientific  societies, 
Universities  and  Technical  Colleges,  Local 
Authorities,  and  Government  Depart- 
ments. 

Progress  in  the  immediate  future  must 
necessarilv  be  slow.  It  appears  certain 
that  the  number  of  trained  research 
workers  who  will  be  available  at  the  end 
of  the  war  will  not  suffice  for  the  pros- 
pective demand. 


No  less  important  tlian  the  co-operation 
of  men  of  science  and  manufacturers  is 
the  co-operation  of  the  workers  them- 
selves. It  is  significant,  if  singular,  that 
the  making  of  weapons  of  destruction  for 
the  war  has  afforded  unique  opportunities 
of  humanising  industry.  The  problems 
involved  in  munition  work  have  given 
a  great  impetus  to  the  study  of  the 
conditions  of  labour  and  to  the  Welfare 
movement.  More  cordial  relations  be- 
tween employer  and  employee  wiU  do 
much  to  smooth  the  path  of  industrial 
reorganisation. 


ILLUMINATING    ENGINEERING 
SOCIETY  (U.S.A.). 

Tenth  Annual  Convention. 

We  recently  published  a  summary  of  the 
papers  to  be  read  at  the  Tenth  Annual 
Convention  of  the  Illuminating  Engineer- 
ing Society  in  the  United  States,  to  take 
place  in  Philadelphia  during  September 
18th — 20th.*  We  are  now  informed  that 
the  Presidential  Address  will  this  year  be 
delivered  by  Dr.  Chas.  P.  Steinmetz,  and 
that  reports  of  the  Committees  on  Pro- 
gress and  Nomenclature  and  Standards 
will  be  presented. 

The  special  course  of  twenty  lectures 
on  Illuminating  Engineering  is  to  be  given 
immediately  after  the  Congress  at  the 
University  of  Pennsylvania,  on  September 
21st — 28th.  We  notice  that  a  reprint  of 
all  the  lectures  will  be  issued,  the  cost  of 
which  is  included  in  the  tuition  fee  of 
25  dollars. 

UNEVEN  LIGHTING 
AND  ARCHITECTURAL  EFFECT. 

Mr.  Morgan  Brooks,  in  a  paper  before 
the  Illuminating  Engineering  Society 
(U.S.A.),  remarks  that  non-uniform  illu- 

*  Ilium.  Eng.,  July  1916,  p.  222. 


mination  often  produces  a  special  archi- 
tectural effect.  For  example,  if  the  stage 
in  a  concert  room  receives  a  strong 
illumination,  the  front  of  the  auditorium 
somewhat  less  light,  and  the  back  portion 
less  still,  the  effect  is  to  diminish  the 
apparent  length  of  the  hall  —often  a 
useful  result  in  long  and  narrow  rooms, 
especially  if  the  back  rows  of  seats  are 
empty. 

GAS   RESEARCH    FELLOWSHIPS  AT 
ILLINOIS    (U.S.A.). 

According  to  the  Gas  Age,  the  Illinois 
Gas  Association  has  arranged  with  the 
University  of  Illinois  for  the  establishment 
of  a  research  fellowship  on  gas  engineering 
and  is  providing  500  dollars  for  a  period 
of  four  years  for  this  purpose. 

The  officers  of  the  various  companies 
represented  in  this  Association  will  each 
nominate  one  or  more  members  of  their 
staff  for  the  fellowship.  The  list  of 
names  thus  prepared  will  be  submitted 
to  the  Director  of  the  Engineering 
Experiment  Station  of  the  University 
who  will  select  the  successful  candidate. 

The  results  of  any  researches  carried 
out  will  be  the  property  of  the  University 
for  dissemination  to  the  j)ublic  through 
such  channels  as  it  may  select. 


THE   ILLUMINATING   ENGINEER   (sept.  1916) 


281 


ILLUMINATION     IN    THE    NAVY.* 

By  Lieut.  C.  S.  McDowell,  U.S.N. 


Illumination  of  Spaces  on  Shipboard. 

This  term  includes  the  lighting  of  the 
living  spaces  for  officers  and  crew, 
machinery  spaces,  firerooms,  turrets  and 
gun  compartments,  shell  rooms,  powder 
magazines,  sick  bays,  coal  bunkers, 
upper    deck    spaces,    gangways,  &c. 

The  lighting  on  board  ship  meets  special 
requirements.  In  some  cases  lights  serve 
several  distinct  uses.  Fittings  must  be 
designed     to     meet     sjiecial     conditions 


imposed  by  low  head  room,  liability 
to  damage  through  shock  from  gunfire, 
and  the  necessity  to  maintain  the 
integrity  of  water-tight  compartments. 
In  1912  the  Navy  Department  started 
a  special  investigation  into  these  matters, 
eventually  drawing  up  a  table  of  values 
for  the  intensity  required  for  various 
purposes,  as  summarised  in  Table  I. 
It  is  interesting  to  notice  that  as  a  resvdt 
of  the  low  ceilings  and  white  wall  surfaces 
semi-indirect    and    indirect    devices    are 


ILLUMINATION   REQUIRED   FOR   VARIOUS    PURPOSES    ON   BOARD   BATTLESHIPS. 

Foot-candle  Intensities. 


Ammunition  passages 

.  .    2.0 

Galleys 

2.0 

Armory,  plus  metal  reflectors  at  bench 

. .    2.0 

Handling  room 

2.5 

Battle  dressing  station 

. .    2.0 

Interior  com.  room  . . 

2.0 

Battle  dressing  stores 

..    2.0 

Ice  machine  room 

2.0 

Bakery 

.    2.0 

Isolation  room 

2.0 

Bath  room 

.    2.0 

Issuing  and  store  room 

2.0 

Barber  shop    . . 

.    2.5 

Laundry 

1.5 

Boiler  rooms,  phis  250-watt  units    .  . 

.     1.5 

Lamp  room     . . 

1.5 

Butcher  shop 

.     1.5 

Machine  shop  (general) 

1.0 

Band  room 

.     1.0 

Magazine 

1.5 

Blower  room  (special) 

.     — . 

Mess  rooms  (officers') 

2.5 

Blower  space 

.    1.0 

Mess  attendants'  wash  room 

2.0 

Cabins 

.    3.0 

Offices  . . 

4.0 

Carpenter  shop 

.    3.0 

Ojierating  table 

15.0    to 

25.0 

Chart  house    . . 

.    5.0 

Paint  room     . . 

1.5 

Chief  P.O.  quarters  (berthing) 

.    1.5 

Paint  mixing  room   . . 

1.5 

Chief  P.O.  quarters  (messing) 

.    2.0 

Pantries 

2.0 

Crew's  space  . . 

.    1.5 

Printing  office 

4.0 

Conning  Tower  (officers') 

.     1.5 

Pump  room    . . 

1.5 

Crew's  wash  room     . . 

.    2.0 

Post  office 

4.0 

Crew's  water  closets . . 

.    2.0 

Prison  (special) 

Conning  tower  (special) 

.     — 

Reception  room 

3.0 

Chain  locker   . . 

.    1.5 

Surgeon's  examining  room 

2.0 

Coal  bunkers  . . 

.    0.7 

State  rooms    . . 

3.0 

Coaling  ship  (special) 

.     — 

Sub 

4.0 

Dispensary 

.    3.0 

Sub  central     .  . 

4.0 

Desk     ..          

.    4.0 

Shell  room 

2.0 

Distribution  room 

.    2.0 

Store  rooms  (fixed  stores)   .  . 

0.7 

Dynamo  room,  })lus  250-watt  units 

.    1.5 

Store  room  (stock  for  i.ssu{>) 

1.0 

Decks,  outside  (special) 

.     — 

Sick  bay 

2.0 

Engine  room,  i)lus  250-watt  units  (treat( 

Storages  battery  chg.  sta.     .  . 

2.0 

special) 

.     1.5 

Slii])'s  store     . . 

2.0 

Eva])orator  room 

.    1.5 

Tor]iedo  room 

2.0 

Firemen's  wash  room 

.    2.0 

Turiets  (sjieciai) 

— 

Foundry 

.    3.0 

Water  closets 

1.0 

Fire  room  (treated  s])ecial) 

— 

Wireless  room 

3.5 

Fuel  oil  relay  tank  room    . . 

.    2.0 

Workshop  (additional  s])ecial 

illumination 

General  condiment  and  issuing  room 

.    2.0 

to  be  provided  at  machines) 

1.5 

General  mess  pantry 

.    2.0 

Windlass  space 

1.5 

*  Abstract  of  Paper  read  at  a  meeting  of  the  Illuminating  Engineering  Society,  U.S.A. 
{Tran^.  Am.  III.  Evg.  Soc,  U.S.A.,  July,  1910.) 
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largely  used.  Carbon  filament  lamps 
are  employed  for  portable  lamps,  with 
a  view  to  diminishing  danger  of  breakage  ; 
otherwise  tungsten  lamps  of  25,  40,  60 
and  250  watts  are  chiefly  used.  250-watt 
units  are  installed  in  the  engine  rooms. 

The  standard  voltage  until  the  last 
two  years  was  120  volts  ;  on  the  newer 
battleships,  however,  240-volt  generators 
and  a  three-wire  system  are  installed, 
the  lighting  circuits  from  the  distributing 
boards  being  thus  still  120  volts. 

On  board  battleships  there  are  two 
regular  lighting  circuits  known  as 
"battle"  and  "lighting"  respectively. 
The  battle  circuit  includes  all  circuits 
below  the  protective  deck,  circuits  to 
guns,  searchlights,  signalling  apparatus, 
running  lights  and  in  general  all  the 
lights  which  would  be  absolutely  necessary 
in  action.  Lighting  circuits  include  those 
which  may  be  dispensed  with  in  action. 
In  addition  to  the  above  there  is  installed 
an  auxiliary  or  emergency  lighting  circuit 
fed  with  20  volts  from  storage  batteries. 

Searchlights. 

The  chief  essential  in  the  modern 
searchlight  is  to  obtain  a  source  of 
minimum  area  and  maximum  brightness. 
For  many  years  the  arcs  used  have 
remained  substantially  the  same,  but 
cjuite  recently  great  improvements  have 
been  made  by  using  a  higher  current 
density  in  the  positive  electrode,  means 
being  j^rovided  to  carry  of?  the  heat ;  and 
at  the  same  time  using  a  smaller  negative 
carbon,  so  as  to  obstruct  less  light. 
In  the  latest  searchlights  the  diameter 
of  the  positive  carbon  has  been  decreased 
to  half  its  former  value,  and  at  the  same 
time  the  current  has  been  increased  so 
that,  with  a  crater  of  |  in.  diameter,  a 
maximum  luminous  intensity  of  90,000 
candles  throughout  an  angle  of  approxi- 
mately 70  degrees  is  obtained.  Moreover, 
the  size  of  tlie  crater  is  so  diminished  that 
the  area  of  the  beam  is  reduced  to  one 
fourth  of  that  previously  obtained ; 
as  the  candlepower  has  also  been  increased 
from  50,000  to  90,000  the  actual  illumina- 
tion on  the  target  is  more  than  six  times 
the  amount  formerly  attained. 

The  composition  of  the  positive  carbon 
is  very  important,  a  core  of  white  flaming 


material  being  used.  The  negative  carbon 
is  set  at  an  angle  to  the  positive  with  a 
view  to  confining  the  luminous  flame 
withiu  the  crater.  This  effect  seems  to 
require  a  certain  minimum  current  of 
approximately  90  amperes.  The  standard 
diameter  for  mirrors  is  36  in.  The 
negative  is  only  -^  in.  diameter,  being 
also  about  half  that  used  with  the  older 
type  of  arc. 

In  the  discussion,  Mr.  Sperry  and  Mr. 
W.  Bassett  Jones  referred  to  the  Beck 
searchlight.  Although  the  work  in 
America  has  proceeded  on  somewhat 
different  lines  equally  good  results  have 
been  obtained.  It  was  mentioned  that 
although  the  carbons  were  approximately 
the  same  size  as  those  used  in  the  Beck 
searchlight  the  crater-area  is  about  30  per 
cent,  less,  thus  giving  a  still  smaller  angle 
of  disjjersion. 

Incandescent  Searchlight  Units. 

Tests  have  also  been  carried  out  with 
gas-filled  incandescent  lamps  having  con- 
centrated filaments.  This  type  will 
probably  be  satisfactory  for  navigation 
])urposes  where  it  is  not  necessary  to 
illuminate  objects  at  great  distances. 

As  such  filaments,  being  approximately 
"  point  lights,"  give  a  more  or  less  uniform 
distribution  of  light,  short  focus  mirrors 
embracing  as  large  as  possible  a  pro- 
portion of  the  luminous  flux,  are  desirable. 

In  the  discussion  L.  C.  Porter  remarks 
that  the  various  types  of  "flood-light" 
projectors  now  available  should  be  very 
suitable  for  navy  work,  around  docks 
and  piers,  and  especially  for  loading  and 
coaling.  Focus-type  incandescent  units 
for  searchlights  ranging  from  1  to  5,000 
candlepower  are  now  made.  There  is, 
for  example,  one  unit  comprising  a 
single  lamp  fed  from  a  dry  battery 
which  will  throw  a  beam  with  an  effective 
range  of  200—300  feet. 

Effect  of  Colour  of  the  Beam. 

The  question  of  the  colour  of  the  pro- 
jected light  is  also  interesting.  From  one 
standpoint  the  accentuation  of  the  green 
and  blue  component  in  the  arc  light  is 
advantageous,  namely,  that  on  account 
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of  the  low  illumination  of  distant  objects, 
the  sensitiveness  of  the  eye  to  this  region 
of  the  spectrum  is  exceptionally  high  ; 
moreover,  objects  illuminated  are  fre- 
quently of  a  bluish-grey  colour.  On 
the  other  hand  the  longer  wavelengths 
are  less  absorbed  in  a  mist  or  fog.  In 
some  experiments  conducted  with  an 
artificial  fog  it  was  found  that,  when  using 
silvered  glass  mirrors  the  illumination  of 
an  object  50  ft.  distant  from  the  light 
through  the  fog  was  but  21  per  cent,  of 
the  illumination  under  normal  conditions  ; 
but  by  using  a  gold  plated  mirror  the 
illumination  under  the  same  conditions 
was  60  per  cent,  of  that  obtained  under 
normal  conditions. 

In  addition,  owing  to  the  chromatic 
aberration  of  the  eye  the  visual  acuity 
with  a  gold-backed  mirror,  is,  for  the 
same  illumination,  greater  than  with  a 
silver-backed  mirror,  and  distant  objects 
"stand  out"  in  greater  detail.  The 
gold-backed  mirror  has  been  extensively 
used  by  some  countries,  but  it  is  doubtful 
whether  its  use  is  advantageous  with  the 
latest  type  of  arc  which  contains  a  strong 
blue  and  violet  element.  In  the  dis- 
cussion Mr.  L.  C.  Porter  remarked  that 
tests  he  had  made  with  an  amber  front 
glass  showed  that  in  these  circumstances 
signals  near  to  the  searchlight  could  be 
somewhat  more  readily  picked  up,  owing 
to  the  diminution  in  glare.  But  he  did 
not  find  that  objects  could  be  picked  up 
at  a  greater  distance  with  an  amber 
beam  than  with  a  clear  beam  of  equal 
intensity. 

Evidently  there  is  still  considerable 
difference  of  opinion  on  this  subject. 

Signalling   by   means   of   Light. 

Distant  signalling  is  made  mainly  by 
means  of  the  following  systems  :  -- Ardois  ; 
night  semaphore  ;  blinker  light ;  search- 
light. 

The  ardois  consists  of  four  lam})s 
mounted  in  a  vertical  line,  as  liigli  as 
possible  in  the  rigging.  Each  lam]) 
contains  a  red  and  a  white  lamp,  and 
the  lights  are  controlled  by  a  keyboard 
similar  to  that  used  on  a  typewriter. 
The  Morse  code  is  used,  red  lamps 
indicating  a  dot  and  white  ones  a  dash. 
The  system  is  very  easy  to  use  as  the 


keys  are  all  lettered  and  immbered,  but 
it  can  only  be  used  for  relatively  short 
distances. 

In  the  semaphore  system  use  is  made 
of  a  machine  with  two  swinging  arms, 
which  can  be  manipulated  to  represent 
the  letters  of  the  alphabet  by  their 
relative  positions.  These  arms  can  be 
equipped  with  tungsten  lamps  and 
reflectors  so  as  to  be  readily  visible  by 
night. 

The  blinker  system  employs  a  pulsating 
light  source,  such  as  an  incandescent 
lamp  with  tapping  key,  controlled 
from  a  telegraph  board,  rapid  signalling 
being  transmitted  by  the  intervals  of 
lighting  up  and  extinction  of  this  lamp. 
This  is  only  available  for  night  work. 

The  use  of  the  searchlight  is  well 
adapted  for  signalling  over  long  distances, 
even  as  great  a  distance  as  50  miles  having 
been  covered.  It  has,  however,  given 
place  to  some  extent  to  w^ireless  telegraphy. 
The  light  from  searchlights  can  be 
alternately  made  visible  and  extinguished 
by  means  of  electrically  operated  Venetian 
shutters.  Other  methods  of  producing 
the  fluctuation  in  light  without  striking 
the  arc  have  been  devised.  For  example, 
if  the  arc  is  struck  with  a  relatively  high 
frequency  and  high  voltage  it  can  be 
maintained  at  a  low  voltage.  By  shunt- 
ing the  arc  with  a  resistance  the  current 
in  the  main  line  may  be  maintained 
constant  and  the  current  across  the  arc 
reduced  to  about  one-tenth  of  its  nornud 
value.  The  variation  in  light  thus 
jjroduced  gives  the  same  effect  as  if  the 
arc  were  actually  shut  on  and  off. 

Searchlight-signals  can  be  conveyed 
in  the  daytime.  Even  with  small  search- 
lights as  much  as  eight  miles  have  been 
covered  by  day,  the  light  being  directed 
straight  at  the  observer  on  the  same 
principle  as  a  heliograph.  For  long 
distance  night  work  the  beam  is  usually 
directed  on  some  dark  cloud  in  the 
direction  of  the  receiving  ship. 

There  are  also  many  other  special 
])rol3lems  on  board  ship,  such  as  the 
illumination  of  compass  cards.  This 
must  be  so  arranged  that  the  markings 
of  the  compass  are  quite  distinct  but 
no  glare  is  present.  Another  example  of 
special  uses  of  light  is  the  illumination 
of  the  cross  wires  of  telescopic  gun  sights. 
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STREET    LIGHTING    PROBLEMS    IN    WAR    TIME. 


A  recent  issue  of  Municipal  Engineering 
and  The  Sanitary  Record  comments  on 
the  difficulties  which  Corporations  and 
District  Councils  are  experiencing  in 
satisfying  simultaneously  the  require- 
ments of  various  authorities  in  adjusting 
the  public  lighting  in  war  time. 

As  the  question  is  one  of  considerable 
interest  at  the  present  time,  we  are  repro- 
ducing some  of  the  comments  of  our 
contemporary  in  the  article  referred  to. 
The  various  points  raised  deserve  con- 
sideration, and  it  would  be  desirable  for 
any  apparent  misunderstanding  to  be 
cleared  up. 

It  is  stated  that: — 

"  By  a  series  of  somewhat  erratic  and  un- 
practical requirements,  the  lighting  authorities 
have  been  induced  in  many  cases  to  continue 
the  consumption  of  gas  and  electricity  in  the 
publi'i  lamps,  the  illumination  hcing  \vasted  by 
restricting  it  to  the  interior  of  such  lamps  by 
coating  over  the  glass,  so  that  no  rays  shall  be 
reflected  on  the  surface  of  the  street.  The 
demands  of  the  Government  authorities  are,  of 
course,  based  on  the  Defence  of  the  Realm 
Regulations,  1914,  and  an  Order  of  the  Secretary 
of  State  made  thereunder,  but  it  is  probable 
that  some  confusion  has  arisen  through  the 
different  jjowcrs  which  affect  Metropolitan 
Borough  Councils,  as  compared  with  Local 
Authorities  outside  the  Metropolis.  For  A^hilst 
such  Borough  Councils  are  compelled  under 
Sec.  130  of  the  Metropolis  Management  Act, 
1S55,  to  cause  the  streets  within  their  districts 
to  be  well  and  sufficiently  lighted,  there  is  no 
such  duty  cast  ujion  Councils  outside  the 
Metropolis.  In  the  district  immediately  outside 
the  MetroiDolitau  Boroughs  there  is  a  consider- 


able area  containing  numerous  Boroughs  and 
District  Councils,  which  are  under  the  juris- 
diction of  the  Metropolitan  Police,  such  area 
being  legally  defined  as  the  Metro]iolitan  Police 
Area.  ]\Iany  of  such  Councils,  we  have  observed, 
have  recognised  the  futility  of  the  expcnditiire 
of  wasting  an  illuminant  for  confinement  within 
obscured  glass,  and  have  approached  the  police 
authorities  for  their  assent  to  discontinue  the 
]iractice.  Such  assent  is  invariably  posti>oned, 
and  many  of  the  Coimoils  have  submissively 
continued  the  unjustified  expenditure.  Some 
Authorities,  on  the  other  hand,  discontinued 
jiublic  lighting  except  at  important  street 
intersections  six  months  ago,  and  have  saveil 
the  ratepayers  very  considerable  sums  of  money. 
If  the  requirement  of  the  Government  depart- 
ment v.^as  csr.ential  for  the  safety  of  the  inhabit- 
a)its  of  any  district,  no  demur  could  be  raised 
to  it.  In  the  ]\Ietropolis,  where  the  street 
traffic  is,  of  course,  heavy,  and  where  the 
authorities  are  bound  to  execute  public  lighting, 
it  is  requisite  for  the  safety  of  pedestiians.  But 
in  extra-Metropolitan  districts  public  lighting 
is  really  inimical  to  public  safety,  for  it  attracts 
prowling  ZeppeUns.  When  we  come  to  examine 
the  legal  aspect  of  the  question,  it  is  found,  as 
stated  by  our  contemporary,  the  Justice  of  the 
Peace,  in  its  issue  of  September  9th  (page  171), 
that  the  claim  of  the  police,  empowering  their 
cliief  officer  to  require  a  District  Council  to 
light  such  of  the  street  lamps  as  he  directs,  is 
unfounded.  The;/  point  out  that  Regulation  11 
of  the  Defence  of  the  Realm  (Consolidation) 
Regulations,  1914,  empowers  the  Secretarj-  of 
State  by  order  to  direct  that  lights  shall  be 
extinguished  or  obscured.  But  the  regulation 
does  not  empower  liim  in  smy  other  respect  to 
require  lights  to  be  provided  or  public  lamps  to 
be  kept  in  use.  The  Order  of  July  22nd,  1916, 
made  under  the  regidation,  and  under  which 
the  police  claim  to  act,  must  be  read  with  the 
regulation,  and  could  not  extend  the  power 
conferred  by  the  regulation,  and  this  legal  view 
of  the  case  will  doubtless  be  heljrful  to  many 
Local  Authorities  throughout  the  kingdom." 
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LIGHTING      REGULATIONS      IN 
GERMANY. 

In  this  country  we  have  now  had  time 
to  become  accustomed  to  the  lighting 
restrictions.  The  attempts  that  have 
been  made  to  define  the  permissible 
brightness  of  lights  in  this  country  have 
been  the  subject  of  some  comment,  and 
although  the  problem  is  admittedly  not 
an  easy  one,  lighting  experts  cannot  help 
being  struck  by  the  somewhat  vague  and 
indefinite  nature  of  many  of  the  terms 
used. 

It  is  therefore  interesting  to  notice 
that  similar  precautions  are  now  being 
taken  in  the  naval  ports  of  Germany,  and 
to  compare  the  wording  of  their  regula- 
tions with  our  own.  According  to  a 
recent  issue  of  the  Evening  Standard,  the 
following  announcement  ordering  more 
stringent  precautions  has  appeared  in  the 
W ilhelmshaven  Zeitung  : — 

"  No  more  lights  arc  to  be  shown  in  streets, 
yards,  gardens,  private  or  pul)lic  biiildings. 
Curtains  and  blinds  which  have  hitherto  been 
considered  a  satisfactory  precaution  are  'low 
regarded  as  insufficient.  Illuminated  .signs  are 
prohibited,  and  all  the  special  light-permits  are 
withdrawn.  Shop-M'indows  ar?  to  show  no 
more  than  just  sufficient  light  to  enable  cus- 
tomers to  distinguish  the  goods. 

"  Rehearsals  C)f  the  arrangements  for  the 
safety  of  the  public  will  be  held  nightly  until 
further  notice." 

Certainly  some  of  these  requirements 
— especially  that  dealing  with  the  highly 
problematical  illumination  required  to 
''  enable  customers  to  distinguish  the 
goods  "—are  not  particularly  explicit. 


FESTIVAL     LIGHTING     IN     THE 
UNITED  STATES. 

In  the  Journal  of  EJeclricity,  Power  and 
Gas  an  account  is  given  of  some  interest- 
ing spectacular  lighting  a  form  of  light- 
ing with  whicli  we  in  this  country  liavc 
necessarily  become  unfamiliar  since  thc 
outbreak  of  war. 

On  the  occasion  of  the  Portland  Rose 
Festival  at  Portland,  Oregon,  special 
electric  lighting  devices  ])layed  a  pro- 
minent part.  These  included  various 
symbolic  signs  associated  witli  tlie  history 
of  the  town,  sucli  as  30  ft.  white  columns, 


bearing  in  a  niche  a  figure  of  Sacajaw^ea 
pointing  the  way  to  the  festival  centre, 
and  decorated  with  paintings  "  presenting 
the  scenic  wonders  of  Oregon."  These 
columns  were  illuminated  from  head  to 
foot  with  concealed  ''  flood-lighting." 
The  chief  feature  was  the  erection  of  a 
"  rose-fountain,"  where,  by  a  combina- 
tion of  trailing  green  shoots,  flowing 
water  and  winking  rose-coloured  electric 
lights,  a  fountain  of  roses  bubbling  over 
in  a  foaming  spray  was  simulated.  It  is 
stated  that  the  individual  efforts  of 
householders  were  kept  in  harmony  with 
the  civic  decorations  so  as  to  aim  at  a 
co-operative  display. 

Whatever  views  one  may  hold  as  to 
the  artistic  value  of  such  spectacular 
lighting,  it  cannot  be  denied  that  in  these 
American  cities  there  is  often  a  touch 
of  imagination  about  the  decorations, 
which  has  not  always  been  a  feature  of 
attempts  at  festive  lighting  over  here. 

What,  one  wonders,  will  be  the  nature 
of  the  illuminations  when  peace  is  at  last 
declared  ?  Will  there  be  an  attempt  at 
a  co-operative  effort  worthy  of  the 
occasion  ?  Or  will  we  once  more  fall 
back  on  the  old  studded  lights,  crowns 
and  similar  time-honoured  devices  which 
have  done  service  in  times  gone  by  ? 


THE    CONTRACTOR  AND   THE 
ARCHITECT. 

The  architect  and  the  general  contractor 
have  in  the  past  usually  ignored  the 
electrical  contractor  until  the  time 
arrived  for  the  latter  to  bid  on  the  work, 
and  then  the  amount  of  his  bid  was  the 
only  feature  of  interest  about  him.  This 
has  been  partly  due  to  the  fact  that  the 
average  electrical  contractor  was  only 
concerned  in  the  mechanical  end  of  the 
installation  work  and  was  not  ])repared 
to  offer  any  advice  or  suggestions  as  to 
l)lans  and  specifications.  To-day,  how- 
ever, many  contractors  are  giving  close 
study  and  attention  to  the  requirements 
of  their  work,  and  architects  and 
engineers  might  receive  valuable  aid 
in  planning  the  electrical  equipment 
b\-  talcing  the  electrical  contractor  into 
their  confidence. — Electrical  Rcri(W  avd 
Western  Electrician,  August  5th,  101 G. 
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A   NEW    DEVELOPMENT    IN    HIGH    PRESSURE 
GAS    LIGHTING. 


In  the  course  of  the  Presidential 
Address  delivered  by  Mr.  Alexander 
Masterton,  of  Edinburgh,  before  the 
North  British  Association  of  Gas  Managers 
on  September  2nd,  some  particulars  were 
given  of  a  new  development  in  high 
pressure  gas  lighting,  of  special  utility  in 
factories  where  there  is  much  dust  or 
fluff  in  the  air. 

This  new  form  of  Hghting  is  installed  in 
the  works  of  the  North  British  Eubber 
Company,  which  for  many  years  was 
lighted  on  the  low  pressure  system.  It 
was  recently  decided  to  try  to  improve 
matters  by  applying  high  pressure  light- 
ing, with  a  view  to  possible  application 
to  extensions  of  premises  as  well  as  in  the 
old  works.  Accordingly  a  high  pressure 
plant  with  compressors  in  duplicate  driven 
by  electric  motors  was  fitted  up,  and 
80  candlepower  lamps,  consuming  from 
1| — If  cub.  ft.  per  hour,  introduced.  It 
was  desired  to  diminish  the  amount  of 
gas  used,  as  compared  with  the  low 
pressure  lighting,  by  40  per  cent. — a  result 
which  has  now  been  successfully  accom- 
plished. 

The  lamps  originally  installed  were  of 
the  ordinary  Keith  type,  with  an 
enamelled  reflector  and  glass  globe, 
having  a  central  opening  at  the  bottom 
and  kept  in  position  by  wire  clips.  The 
effect  was  good.  However,  in  a  rubber 
factory  with  so  much  inflammable 
material  about,  insurance  restrictions  are 
severe  and  naked  lights  are  banned.  It 
was  therefore  desirable  to  adopt  a 
method  of  lighting  up,  which,  while  not 
exposing  a  naked  light,  would  also, 
through  usage,  not  damage  the  mantles 
and  glass.  In  view  of  the  small  con- 
sumption of  the  burners  it  was  evident 


that  a  by-pass  going  continuously  would 
consume  in  the  course  of  the  year 
practically  as  much  as  the  burner.  An 
electric  torch  was  therefore  devised 
somewhat  on  the  lines  of  the  "  Telephos," 
consisting  of  a  battery  with  a  long  igniter 
and  push-button.  This  worked  fairly 
well,  but  the  cost  was  rather  high  and 
the  igniter  had  to  be  held  pretty  close  to 
the  mantle  to  ensure  lighting.  In  this 
way  many  mantles  were  broken. 

These  troubles,  combined  with  the 
dusty  atmosphere  which  prevails  in  many 
portions  of  a  rubber  factory,  led  the  James 
Keith  and  Blackman  Co.,  who  had 
exjierienced  the  same  difficulty  in  other 
places,  to  bring  out  what  is  termed  the 
"  Duct  "  system.  In  this  system  a  special 
box  conveying  fresh  air  (free  from  the 
inside  dust)  from  outside  is  led  through 
the  building,  and  the  high  pressure  gas 
is  coupled  up  at  various  points  in  its 
length,  each  of  these  connections  supply- 
ing, by  means  of  one  injector,  a  number 
of  high  pressure  burners. 

One  advantage  of  this  arrangement  is 
that  the  injector,  being  of  large  capacity, 
is  not  liable  to  get  choked.  The  correct 
quantity  of  fresh  air  is  drawn  in  from 
the  duct,  the  mixture  of  gas  and  air 
being  forced  along  a  pipe  |  in.  or  1  in. 
in  diameter,  to  which  the  burners  are 
attached  at  suitable  positions.  The 
burners  consist  of  a  flexible  down-tube 
to  compensate  for  vibration,  with  a 
heating  chamber  at  the  foot,  to  which 
the  nozzle  is  fixed  on  the  lower  side  and 
on  which,  in  turn,  the  mantle  is  screwed. 
Small  square  opal  reflectors  in  four  pieces 
are  fitted  immediately  above  this  to 
throw  the  light  down  on  the  tables  or 
machines.     No    globe    of    any    kind    is 
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required,  but  a  small  round  wire  gauze  is 
hung  about  two  inches  below  the  mantle 
so  as  to  intercept  any  ash  or  mantle- 
rings,  should  they  fall. 

The  chief  advantages  of  the  system  are 
that,  owing  to  the  capacity  of  injectors 
and  absence  of  nipples  or  air-adjustment, 
chokage  through  dust  is  obviated ;  in 
the  case  of  dust-laden  atmospheres,  fresh 
air  can  be  led  in  from  outside  the 
building  while,  in  ordinary  factories,  the 
duct  can  be  connected  to  the  air  supply 
inside  the  room.     No  globes  are  required, 


which  should  lead  to  a  saving  in  main- 
tenance. The  consumj)tion  can  be  brought 
down  to  one  cubic  foot  per  hour  or  even 
less  ;  this  should  enable  relatively  small 
high  pressure  lights  of  low  candle-power 
to  be  easily  obtained. 

It  was  also  mentioned  that  Mr.  Keith 
had  been  experimenting  for  some  time 
in  the  direction  of  obtaining  a  thoroughly 
reliable  lighter  which  would  meet  the 
requirements  of  insurance  companies,  and 
that  he  had  now  evolved  a  satisfactory 
arrangement. 


A  SUPER-EFFICIENCY  CARBON 
FILAMENT  LAMP. 

Under  the  above  title  the  Electrical 
World  describes  a  new  ])atent  of  the 
Siemens  and  Halske  Co.,  of  Berlin.  This 
describes  a  proposed  form  of  carbon 
filament  lamp  credited  with  a  specific  con- 
sumption even  less  than  that  of  the  so- 
called  "  half-watt  "  lamp.  The  inventors' 
names  are  given  as  H.  Kreusler,  H. 
Gerdien,  and  M.  v.  Pirani. 

The  lamp  appears  to  be  a  return  to  the 
oft-exploited  idea  of  enclosing  carbon 
filaments  in  an  atmosphere  of  mercury 
vapour.  Within  the  outer  bulb,  which 
has  a  long  neck  somewhat  similar  to  that 
used  in  half-watt  bulbs,  there  is  a  cylin- 
drical chamber  filled  with  nitrogen, 
argon,  or  other  insert  gas.  The  filament 
is  in  the  form  of  a  stout  spiral,  and  is 
situated  close  to  the  bottom  of  the  bulb. 
Below  it  is  a  small  amount  of  mercury. 
As  soon  as  the  filament  is  licated  by  the 
passage  of  the  current  the  tube  })ec()mes 
filled  with  mercury  vapour  and  tlie  inert 
gas  is  })artly  driven  out  through  the  top 
of  the  inner  tube  into  the  surrounding 
envelope. 

The  outer  tube  glass  surface  remains 
relatively  cool  and  is  thus  able  to  with- 
stand the  comparatively  high  internal 
pressure,    which    is    above    atmospheric. 


A  NEW  NOTE  IN   STREET  LIGHTING. 

According  to  the  Electrical  World  a  new 
note  is  being  struck  in  the  street  lighting 
at  San  Francisco,  where  some  of  the  ex- 
perience gained  in  the  exhibition  last  year 
is  evidently  being  applied.  An  attempt 
is  being  made  to  aim  at  something 
more  decorative  than  the  average  street 
lighting. 

The  three  main  characteristics  of  the 
new  lighting  are  as  follows  : — ■ 

(1)  The  colour-tone  is  a  golden  glow 
instead  of  the  somewhat  hard  white  usual 
in  American  cities,  the  colour  being 
obtained  by  special  tinted  globes. 

(2)  Free  use  is  made  of  arcs  in  groups 
instead  of  single  units,  those  groups  being 
placed  at  an  exceptional  height  so  as  to 
diminish  glare  and  improve  the  distri- 
bution of  illumination.  The  overall  length 
of  the  new  decorative  standards  is  given 
as  32  ft. 

(3)  Street  Railway  Poles  have  been 
mainly  utilised,  thus  reducing  the  number 
of  standards  in  the  streets. 

In  some  parts  of  the  city  standards 
carrying  a  combination  of  arcs  and 
incandescent  gas-filled  lamps  are  utilised, 
the  colour  of  the  globes  used  for  the  latter 
being  selected  so  as  to  match  the  light 
of  the  arcs. 
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COGS    IN    THE    INDUSTRIAL    WHEEL:     WELFARE 
WORK    AND    WHAT    IT    MEANS. 

By  Mrs.  M.  A.  Cloudesley  Brereton,  M.E.San.L,  F.I.H.,  &c. 


One  of  the  chief  causes  of  industrial 
unrest,  as  indeed  of  most  hunum  ills, 
has  been  the  tendency  of  the  mass  of 
mankind  to  think  in  terms  of  "  rights  " 
rather  than  of  "  responsibilities."  The 
individual  is  apt  to  lose  sight  of  his  own 
duties  towards  others  in  the  emphasis 
laid  upon  his  duties  towards  himself 
and  those  of  others  towards  him.  In 
industrialism  this  tendency  is  constantly 
making  itself  felt,  and  not  least  in  that 
modern  development  of  the  doctrine  of 
responsibility  which  is  known  as  "  welfare 
or  social  work." 

A  Notable  Book. 

Now  welfare  work,  to  give  it  its  gener- 
ally recognised  title,  is  no  new  thing,  no 
mere  war-time  expedient ;  it  was  known 
in  the  land  before  the  passing  of  the 
Factory  Acts.  Defined  as  "  voluntary 
efforts  on  the  part  of  employers  to 
improve,  within  the  existing  industrial 
system,  the  conditions  of  employment  in 
their  own  factories,"  we  can  note  its 
workings  in  the  early  years  of  the  Nine- 
teenth Century,  and  it  would  be  idle  to 
deny,  in  the  face  of  evidence  brought 
together  in  the  volume  entitled  Welfare 
Work*  that  the  manufacturers  them- 
selves played  a  considerable  part  in  the 
movement  for  factory  legislation.  This 
book  is  the  work  of  Miss  Dorothea  Proud, 
a  graduate  of  the  University  of  Adelaide, 
who  brought  to  her  task  the  fruit  of  many 
years  of  patient  inquiry  and  research  into 
the  conditions  of  welfare  work  as  carried 
on  in  the  factories  of  the  Commonwealth 
and  of  Great  Britain,  and  is  now  serving 
in  the  Welfare  Department  of  the  Ministry 
of  Munitions,  under  the  direction  of  Mr. 
B.  S.  Rowntree.  Miss  Proud's  very 
valuable  and  illuminating  book  is  pre- 
faced by  a  foreword  from  the  pen  of  Mr. 

*  A  notice  of  this  book  appears  on  p.  290.- — Ed. 


Lloyd  George,  who  speaks  with  the  great- 
est enthusiasm  of  the  work  undertaken  by 
this  Department  since  its  incej)tion,  and 
prophesies  that  welfare  work  as  practised 
in  the  munition  factories  of  to-day  will  in 
happier  times  of  peace  become  one  of  the 
most  important  cogs  in  the  industrial 
wheel.  "■  It  is  a  strange  irony,"  he  says, 
"  but  no  small  compensation,  that  the 
making  of  weapons  of  destruction  should 
aiJord  the  occasion  to  humanise  industry. 
Yet  such  is  the  case.  Old  prejudices  have 
vanished,  new  ideas  are  abroad ;  em- 
ployers and  workers,  the  public  and  the 
State,  are  all  favourable  to  new  methods. 
The  opportunity  must  not  be  allowed  to 
slip.  It  may  well  be  that,  when  the 
tumult  of  war  is  a  distant  echo,  and  the 
making  of  munitions  a  nightmare  of  the 
past,  the  effort  now  being  made  to  soften 
asperities,  to  secure  the  welfare  of  the 
workers,  and  to  build  a  bridge  of  sympathy 
and  understanding  between  employer  and 
employed,  will  have  left  behind  results  of 
permanent  and  enduring  value,  to  the 
workers,  to  the  nation,  and  to  mankind 
at  large." 

Philanthropy  or  Profit  ? 

We  read  in  Miss  Proud's  book  of  em- 
ployers of  an  earlier  day  who  endeavoured 
to  keep  secret  their  enlightened  treatment 
of  their  workpeople  in  order  to  protect 
other  employers  less  fortvinately  placed  ; 
we  read  also  of  others  who  demanded 
legislation  as  a  means  of  bringing  tyranni- 
cal or  callous  employers  into  line  with 
their  own  greater  humanity.  Here  we 
see  the  ever-present  conflict  between 
rights  and  responsibilities,  as  we  see  it 
in  the  suspicious  attitude  towards  "  wel- 
fare work "  that  persists  even  to-day 
among  not  a  few  workers.  They  so 
little  understand  the  meaning  of  respon- 
sibility that  any  concession  on  the  part 
of  their  employer  seems  to  them  a  mask 
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for  some  act  of  aggression — the  prelimin- 
ary, say,  to  a  reduction  of  wages  or  an 
increase  of  hours.  To  the  open-minded, 
however,  welfare  work  in  its  truest 
sense  implies  a  condition  of  strict  justice  : 
the  employer  realises  what  he  owes  to  his 
hands  in  the  way  of  decent  treatment, 
but  expects  in  return  his  fair  measure  of 
honest  work  from  them  and  penalises  those 
who  come  short  in  this  respect,  the 
workman  feels  that  just  as  he  has  a  right 
to  healthy  and  decent  conditions  so  too 
his  master  has  a  right  to  the  best  work 
that  these  conditions  make  possible. 

Thus  all  fear  of  the  much-hated 
"  philanthropy  "  or  "  charity  "  is  elimin- 
ated from  the  relationship  of  employer 
and  em])loyed.  It  is  of  course  undoubted 
that  pity  forms  a  strong  element  in  the 
modern  tendency  of  employers  to  repro- 
duce as  far  as  is  possible  the  personal 
intercourse  and  almost  paternal  care  which 
used  to  be  the  basis  of  the  contact 
between  master  and  man  ;  but  there  is 
another  potent  force  to  be  considered, 
the  hope  of  profit.  This  motive,  in  Miss 
Proud 's  experience,  is  the  only  one  toler- 
ated in  America,  but  in  this  country 
neither  pure  business  nor  pure  philan- 
thropy is  the  chief  spur  to  action.  No 
doubt  the  opinion  is  gradually  gaining 
ground  that,  as  W.  T.  Layton  puts  it  in 
Capital  and  Labour,  "'Welfare  work'  is 
not  only  a  means  of  satisfying  the  humani- 
tarian instincts  of  employers,  biit  is  also  a 
commercially  successful  device  for  im- 
proving the  efficiency  of  business.  .  .  . 
The  evidence  on  the  whole  goes  to  prove 
that  there  is  a  distinct  monetary  gain 
both  to  employers  and  employed  from 
wholesome  conditions  in  the  factory  and 
from  attention  to  the  physical  fitness  of 
the  operatives  "  :  testimony  is,  for 
instance,  repeatedly  given  as  to  the 
fact  that  shorter  hours  generally  mean 
increased  output.  The  keynote,  however, 
of  the  whole  welfare  movement  is  the 
recognition  of  personality.  In  Miss 
Proud's  words,  "  Industry  has,  at  least 
to  some  extent,  passed  through  the 
phase  in  which  a  group  of  workers  was 
looked  upon  as  a  mere  multiple  of  a 
single  worker.  It  is  recognised  that  its 
members  have  duties,  rights,  and  desires, 
as  a  group  and  as  individuals.  To  adjust 
these  is  a  task  too  delicate  to  be  left  to 
spare  moments  or  the  chance  interest  of 


the  employer.  It  is  gradually  becoming 
recognised  as  the  business  of  an  expert, 
though  it  must  not  be  forgotten  that  the 
one  indispensable  quality  for  its  successful 
accomplishment  is   tact." 

No  Sinecure. 

Obviously  something  more  than  a 
degree  in  economics  or  social  science  is 
necessary  for  an  official  who  is  to  stand 
between  employer  and  employed  and  to 
interpret  the  one  to  the  other  with  perfect 
freedom  and  fairness.  Unflagging  energy 
as  well  as  wide  sympathies  are  essential, 
for  the  welfare  work  in  a  large  factory  is 
no  sinecure,  and  the  path,  as  of  everyone 
who  in  any  sense  of  the  words  tries  to 
serve  two  masters,  is  beset  with  pitfalls. 
The  responsibility,  too,  is  great.  The 
welfare  secretary  exercises  a  general  super- 
vision over  the  wages  and  hours  of  the 
workers,  their  instruction,  their  health, 
their  recreation,  and  their  savings  :  he 
or  she  is  answerable  for  the  discipline 
of  the  factory,  and  for  the  considerate 
treatment  of  the  workers.  The  various 
ramifications  of  these  duties,  and  the  kind 
of  work  entailed  by  their  projjer  carrying 
out,  I  have  not  space  to  describe  in  this 
article  :  he  who  runs  may  read  of  it  in 
Miss  Proud's  book,  where  the  scope  of 
the  Welfare  Department  in  any  factory 
is  described  in  the  fullest  and  most 
interesting  detail. 

The  Maligned  Employer. 

The  chief  impression,  to  my  mind,  that 
remains  with  one  after  reading  the  book 
is  surprise  at  what  has  already  been  done, 
quietly  and  without  undue  publicity,  by 
so  many  employers  of  labour  large  and 
small.  It  is  not  so  very  long,  as  years  go, 
since  the  Industrial  Kevolution,  but  we 
have  travelled  far  in  those  years,  and  all 
along  the  line  we  see  employers,  repre- 
sentatives of  the  hated  class  from  which 
no  good  could  come,  performing  the 
functions  of  pioneers  of  progress,  desjiite 
the  obstacles  set  in  their  path  alike  by 
friends — their  compeers,  and  "  foes  " — 
their  employees.  The  stony-hearted 
'■  villain  of  the  piece  "  has  been  rather 
the  consumer,  ignorant  of  the  suffering 
involved  in  unrestricted  labour,  than 
the    employer    with    the    misery    always 
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before  his  eyes.  But,  witli  the  swamping 
of  the  personal  rehition  by  force  of  num- 
bers, the  problem  becomes  even  greater  for 
the  modern  manufacturer,  and  the  man 
who  will  lay  the  industrial  world  at  his 
feet  by  solving  the  difficulties  existing 
between  capital  and  labour  is  still  to  be. 
Meanwhile,    to    my    way    of    thinking, 


welfare  work  properly  organised  and 
carried  on  by  a  responsible  person  in  such 
a  way  that  it  benefits  employer  and 
employed  alike,  seems  to  constitute  a 
decided  step  in  the  right  direction  :  and 
with  that  conclusion  everyone  who  reads 
Miss  Proud's  book  must,  I  feel  sure, 
agree. 


REVIEWS    OF    BOOKS. 


Welfare  Work,  by  E.  Dorothea  Proud,  B.A., 
with  a  foreword  by  the  Rt.  Hon.  David 
Lloyd  George.  {Messrs.  G.  Bell  and 
Sons,  Ltd.,  London,  1916,     363  pp.) 

The  book  by  Miss  Proud,  referred  to  in 
the  article  by  Mrs.  Cloudesley  Brereton 
in  the  preceding  pages,  is  divided  into 
two  parts,  the  former  dealing  with  the 
principles  underlying  welfare  work  in 
factories  and  the  historical  treatment  of 
past  work  ;  the  latter  mainly  with 
administrative  details. 

The  first  two  chapters  analyse  the 
function  of  the  employer  in  a  capitalistic 
state,  and  his  influence  on  factory  legisla- 
tion. Following  this  we  ha\'e  a  simimary 
of  the  trend  of  industrial  legislation  as 
a  whole  and  a  sketch  of  the  gi-adually 
changing  view  held  by  employers  on  this 
subject.  One  drawback,  however,  to 
the  present  development  of  large  com- 
panies and  big  industrial  concerns  is  that 
the  employer  tends  to  lose  touch  with  liis 
men,  and  it  is  largely  this  fact  that  has 
necessitated  the  formation  of  "  welfare 
departments"  to  act  as  a  go-between 
and  see  that  the  social  and  hygienic 
needs  of  workers  are  not  overlooked. 
Gradually  the  idea  is  taking  shape  that 
such  work  is  not  "  charity  "  nor  a 
concession  to  workers,  but  a  wise  mutual 
arrangement  profitable  alike  to  employer 
and  employee. 

In  Part  II.  the  scope  of  the  "Welfare 
Movement    is    discussed    in    detail.     We 


are  shown  how  the  industrial  environment, 
the  provision  of  lavatories  and  cloak 
rooms,  iness  rooms,  rest  rooms,  &c., 
should  be  studied  ;  and  how  the  physical 
well-being  of  workers  can  be  promoted 
by  attention  to  food,  recreation,  hoiising, 
education,  &c. 

Finally,  there  are  an  appendix  in  which 
a  considerable  amoiuit  of  varied  matter 
bearing  on  industrial  welfare  is  assembled, 
and  an  adequate  index. 

A  feature  of  the  book  is  the  very  full 
series  of  references  to  earlier  work  which 
should  make  it  invaluable  to  students  in 
this  field. 

We  hope  that,  in  a  future  edition, 
the  author  will  see  fit  to  devote  a  special 
section  to  illumination,  which  is  now 
regarded  as  a  most  important  element  in 
the  health  and  efficiency  of  workers. 

Optical  Glass,  by  Walter  Rosenhain,  D.Sc, 
F.R.S.  {Cantor  Lectures  delivered  before 
the  Royal  Society  of  Ai'ts  on  November 
29th,  December  Gth  and  13th,  1915.) 

Since  the  outbreak  of  war  few  subjects 
have  been  more  constantly  debated  in 
scientific  circles  than  our  deficiencies  in 
the  inanufacture  of  optical  glass.  Dr. 
Rosenhain's  Cantor  Lectures  on  this 
subject,  now  piiblished  in  pamphlet  form, 
are  therefore  most  opportune. 

In  his  first  lecture  he  explains  the 
fundamental  properties  which  distinguish 
"  optical  "   from  ordinary  glass,  empha- 
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sising  the  need  for  refinement  in  the 
making  of  colourless  media,  having  a 
minimum  absorption  of  light.  It  is  im- 
portant to  notice  that  some  forms  of 
"  neutral  glass  "  are  only  obtained  by 
arranging  for  the  respective  undue  absorp- 
tion of  the  pink  and  green  elements  in 
the  spectrum  to  "  cancel  out,"  thus 
securing  the  neutral  quality  by  undue 
absorption  of  light.  In  an  ideal  glass 
neutrality  would  be  secured  by  correctly 
transmitting  the  entire  spectrum  with  no 
loss  of  light.  Other  qualities  desirable  in 
optical  glass  are  (1)  absence  of  gas- 
bubbles  and  freedom  from  inequality  in 
structure  through  the  formation  of  small 
local  crystals,  which  cause  strice.  All 
these  qualities  require  to  be  tested  with 
minute  care. 

Of  equal  importance  is  the  durability 
of  the  glass.  Some  kinds  of  glass, 
especially  those  containing  much  alkali, 
are  unable  to  resist  the  chemical  effect  of 
the  atmosphere,  the  surface  being  readily 
deteriorated  by  moisture  and  carbon 
dioxide.  In  practice  one  must  make  a 
comjDromise  between  durability  and  other 
necessary  qualities. 

The  building  up  of  the  optical  glass 
industry  in  Germany  dates  from  the 
State-aided  researches  of  Schott  and 
Abbe,  at  Jena.  Germany  has  also  been 
helped  by  the  fact  of  there  being  available 
soiu'ces  of  very  pure  sand.  We  have 
hitherto  been  dependent  mainly  on  the 
sand  imported  from  Fontainebleau,  near 
Paris.  A  systematic  search  of  the  British 
Dominions  might,  however,  reveal  other 
sources  of  this  material. 

Dr.  Rosenhain  also  deals  with  the 
various  furnaces  available  for  glass  work, 
both  gas-,  electric-,  and  coal-heated,  and 
with  the  process  of  turning  out  f^u-nace- 
pots  of  good  quality. 

A  question  of  great  tlieoret  ical  int(M'est  is 
the  synthetic  building  up  of  materials  such 
as  occur  in  various  transparent  crystals ; 
possibly  in  this  way  qualities  hitherto  \ui- 
obtainable  in  glass,  as  at  present  manu- 
factured, might  be  discovered.  It  is 
worth  noting  that  the  essential  principles 
employed  in  the  manufacture  of  o])tical 
glass  at  Jena  wei-e  known  inany  years 
ago  ;  no  radical  dejiartures  have  ))een 
made.  There  is  no  inhei'cnt  reason  m  hy 
optical  glass  should  not  be  nlad(^  as  well 
in  thiscounti'vas  in  Germany.  The  con- 
ditions which  enabled  that  country  to 
take  the  lead  are  well  imdei'stood,  but 
by  adequately'  sii|)))()rted  scientific  re- 
search, and  by  sti-iking  out  in  new  direc- 
tions and  not  nif^'ely  following  the  lines 
they  have  adopted,  the  whole  indiisti'v 
might   be   jJaced    on   a   better   basis  ;     if 


this  were  done  the  author  sees  no  need  for 
tariffs  or  subsidies. 

But  it  is  to  be  observed  that  Dr.  Rosen- 
hain questions  whether  the  mere  manu- 
facture of  optical  glass  is — even  at  the 
present  time — commercially  profitable. 
Its  real  value  lies  in  its  possible  ajiplica- 
tions  to  many  vital  dependent  processes, 
and  in  this  sense  it  may  fitly  be  described 
as  a  "  key-industry  "  of  considerable 
practical  importance 

The  Theory  of  the  Flicker  Photometer,  hy 
H.  E.  Ives  and  E.  F.  Kingsbury.  (Phil. 
Mag.,   Vol.  XXX T.,  April,   1916.) 

This  paper  is  subsidiary  to  the  authors' 
previous  contribution  to  the  Philosophical 
Magazine  in  1914.  The  study  of  the 
connection  between  critical  speed  and 
illumination  is  continued,  and  the  relation 
connecting  these  quantities  is  deduced, 
namely  : — 

critical  speed  =a  log  ilhuxiination  +  6. 

The  high  sensibility  attributed  bj^  the 
author  to  the  flicker  photometer  is 
ascribed  to  the  very  ra2oid  increase  in  the 
critical  frequency  of  disappearance  of 
flicker  on  each  side  of  the  equality  setting. 
Curves  are  presented  showing  this  con- 
nection. These  curves  are  shown  meeting 
in  a  cusp  at  a  point  on  the  abscissa, 
though  in  practice  experience  shows  that 
the  ciu'ves  are  somewhat  rounded  at  this 
point  ;  this  is  presumably  due  to  im- 
])erfections  in  the  line  of  division  between 
the  photometric  surfaces.  It  is  also 
stated  that  imperfections  in  the  flicker 
surface  shift  the  ecjuality  point  ajipre- 
ciably,  so  that  such  photometers  should 
always  be  used  on  the  "  substitution  "  or 
"  (hnible-weighing  "  niethod. 

AN'hen  one  tiu'ns  to  the  use  of  the  flicker 
photometer  for  lights  which  differ  in 
colour  one  finds  tliat  the  point  of  l)alance 
is  affected  by  various  alterations  in 
design.  For  examj^le,  if  the  pei'iod  of 
exposure  for  the  two  colours  is  imequal, 
that  exposed  for  the  shorter  time  will  be 
undcu'-rated.  Even  for  lights  of  the 
same  coloiu"  the  point  of  balance  may  be 
sliifted  liy  unequal  (>xposin'e  if  the 
surface  of  the  rotating  disc  is  not  optically 
iiniform. 

General  Electric   Review,    U.S.A. 
{September,   191(1). 

The  General  Electric  lieriew  for  Sep- 
tember contains  several  articles  on 
illumination.  M.  Luckiesh,  in  "  Thk 
Ki'NiwiMKNTALS  OF  LiOHTiNO,"  em]:)ha- 
sises  the  part  jilayed  by  colom*  and  liglit 
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and  shade  in  connection  with  archi- 
tectural and  decorative  effects.  One 
point  of  interest  is  the  relation  between 
the  actual  variations  in  brightness  and 
those  wliich  may  be  distinguished  by  the 
eye.  The  adaptation  of  the  eye  plays  a 
great  part.  Thus  the  variations  per- 
ceptible out  of  doors  at  night  may  be  as 
much  as  10  per  cent.,  whereas,  under  ideal 
conditions  indoors,  a  variation  of  less 
than  2  per  cent,  can  be  detected.  In  de- 
termining the  permissible  variation  in 
illumination  this  fact  should  be  borne  in 
mind. 

A.  L.  Powell  contributes  an  illustrated 
article  on  "  Interiob  Illumination,"  in 
which  a  nuinber  of  specific  joroblems,  for 
example,  the  lighting  of  armouries  and 
gymnasiums,  show-windows,  stores, 
churches,  tennis  courts,  etc.,  arc  dis- 
cussed. 

H.  H.  Reeves,  in  "  Incandescent 
Street  Lighting  Regulating  Ap- 
paratus," weighs  the  advantages  antl 
drawbacks  of  various  types  of  regulators 
for  constant  current  circuits. 

W.  S.  Andrews  has  an  interesting  note 
on  "  Self-luminous  Paints."  A  most 
important  question  is  the  percentage  of 
radio-active  substance  which  it  is  de- 
sirable to  mix  with  the  luminescing 
sulphide.  In  general,  a  higher  percentage 
of  the  radium  element  means  a  greater 
initial  brightness  but  a  shorter  life.  It 
is  interesting  to  note  that  for  Army  and 
Navy  purposes  the  United  States  Govern- 
ment calls  for  a  guarantee  of  an  vm- 
diminished  luminosity  for  two  years — a 
requirement  that  can  be  met  without 
difficulty. 

Reference  is  also  made  to  other  possible 
sources  of  radio-activity,  such  as  radio- 
thorium.  This  has  a  very  intense  effect, 
but  its  "  half -life  "  is  only  three  to  four 
years.  Mesothorium,  a  by-product  of 
the  mantle  industry,  is  now  being  used 
on  account  of  its  comparative  cheajiness. 
There  is  a  difference  in  opinion  as  to  the 
relative  merits  of  paint  using  respectively 
radium  and  mesothorium,  but  both  will 
probably  find  their  appropriate  applica- 
tions in  the  future. 

Publications  of  the  Bureau  of  Standards 
{Washington). 

The  work   of  the   Bureau   of  Standards 
(Washington)  affords  an  excellent  example 


of  what  can  be  done  by  a  well -equipped 
experimental  station.  The  Bulletins  cover 
an  exceedingly  wide  ground,  and  their 
free  distribution  in  other  countries  is  an 
international  service.  The  publicity 
arrangements  are  worthy  of  special  com- 
mendation, an  abstract  being  furnished 
with  each  bulletin  so  that  its  contents 
can  be  understood  at  a  glance  and  the 
chief  points  ajapreciated.  The  work  of 
the  Bureau  of  Standards  is  of  public 
benefit,  and  the  distribiition  of  informa- 
tion published  by  it  appears  to  be  carried 
out  on  a  well -organised  plan.  Accom- 
panying the  abstract  is  a  note  to  the 
effect  that  copies  of  any  bulletin  will  be 
sent  free  to  any  one  applying  for  it,  and 
an  effort  is  made  to  see  that  each  publica- 
tion reaches  people  to  whom  it  will  be  of 
value.  After  so  much  has  been  spsnt  on 
the  organisation  and  equipment  of  an  ex- 
perimental institution  of  this  kind,  the 
additional  exjjenditiu-e  needed  to  make 
its  work  well  known  and  widely  recog- 
nised appears  fully  justified.  This  prac- 
tice might  with  advantage  be  imitated 
by  Government  Departments  in  this 
country. 

As  an  instance  we  have  before  us 
Bulletin  No.  56  on  Standards  for  Electric 
Service.  This  is  a  summary  of  the 
various  steps  being  taken  to  promote 
uniformity  of  practice  on  the  part  of 
electricity  concerns  in  America,  both  as 
regards  general  local  legislation,  and  such 
matters  as  adequacy  and  safety  of  electric 
service,  meters  and  instruments,  and 
standardising  laboratories.  The  contents 
of  the  Bulletin  occupy  upwards  of  250 
pages,  so  that  the  three-page  typed 
abstract  provided  is  welcome.  Many  of 
the  suggestions  made  should  be  of  direct 
interest  to  electricity  companies  in  this 
country. 

Among  other  recent  pviblications  re- 
ceived from  the  Bureau  of  Standards,  we 
note  : — • 

No.  281.  A  Study  of  the  Inductance  of 
F oil r -terminal  Resistance  Standards. 

No.  283.  Volume  Effect  in  the  Silver 
Voltameter. 

No.  284.  Constants  of  Spectral  Radiation 
of  a  uniformly  heated  Inclosure  or  so- 
called  Black  Body. 

No.  286.  Determination  of  Ahiminium 
as  Oxide. 
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THE  LIGHTING   OF   A  TENNIS   COURT  BY   MERCURY 

VAPOUR  LAMPS. 


In  past  issues  of  this  journal  the 
Illumination  of  Covered  Lawn  Tennis 
Courts  by  tungsten  lamps,  and  also  by 
high  pressure  gas  has  been  described. 
A  somewhat  different  problem  is  the 
lighting  of  tennis  courts,  as  exemplified 
by  the  court  at  the  Prince's  Tennis  and 
-Racquets  Club  in  Knightsbridge,  which 
has  been  illuminated  by  mercury  vapour 
lamps. 

Tennis,    as    distinguished    from    lawn 
tennis,  is  a  game  that  dates  back  hundreds 


and  it  is  therefore  essential  to  use  lamps 
in  which  the  light  is  spread  out  over  a 
large  area. 

The  illustration  will  give  an  idea  of  the 
lighting  of  this  court.  Twenty  mercury 
vapour  lamps,  each  consuming  350  watts 
and  rated  at  1,000  c.p.  were  suspended 
from  the  girders  at  appropriate  intervals. 
The  court  is  approximatel)^  80  feet  long 
and  40  feet  broad,  so  that  the  consump- 
tion works  out  to  about  2 '2  watts  per 
square  foot.  A  test  of  the  illumina- 
tion   3    feet    above    the    floor    showed 


Illumiiialion  of  Prince's  Tennis  Court,  Knigjitsbridgo,  by  mercury  vapour  Innips. 


of  years.  It  is  played  under  somewhat 
peculiar  conditions  in  a  specially  con- 
structed court,  the  floor  and  walls  of 
which  are  composed  mainly  of  smooth 
grey  stone.  During  the  daytime  the 
illumination  for  the  court  is  received  from 
a  large  skylight  occupying  the  greater 
part  of  tlie  ceiling,  and  tluis  making  it 
difficult  for  indirect  methods  to  be  used. 
The  grey  surroundings  naturally  render 
little    assistance    in    diffusing   the    light, 


that  a  fairly  uniform  value  of  3"5-5  foot- 
candles  is  provided.  In  this  game  the 
ball  travels  rapidly  round  the  court  and 
is  taken  by  the  players  as  it  bounces  from 
the  back  walls.  It  is  therefore  essential 
that  a  person  standing  with  his  face  to 
the  wall  should  not  cast  a  dense  shadow. 
A  feature  claimed  for  this  installation  of 
mercury  lamps  is  that  the  shadows  are 
exceedingly  soft,  and  no  trouble  from 
this  source  is  experienced. 
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PANORAMIC    PERISCOPE    FOR    SUBMARINES. 


The  present  war,  with  its  long-range 
artillery,  has  emphasised  the  importance 
of  scientific  devices  for  obser\nng  the 
enemy  at  a  distance.  As  is  well  known 
this  faculty  is  particularly  vital  in  the 
case  of  submarines,  which  observe  the 
character  of  approaching  vessels  by 
means  of  a  periscope,  projecting  above 
the  surface  of  the  water  while  the  sub- 
marine remains  submerged. 


spherical  curvature  while  the  interior  is 
ellipsoidal.  Images  of  everything  dis- 
cernible about  the  whole  horizon  are  first 
refracted  and  then  reflected  down  the 
tube.  They  are  collected  in  a  horizental 
plane  by  a  condenser  set  midway  in  the 
tube,  and  thrown  upon  a  five-sided 
prism  at  the  bottom  which  reflects  the 
rays  twice  and  projects  them  through  the 
binoculars.     The  view  griven  the  observer 


According  to  Popular  Mechanics,  in  the 
modern  periscope  an  arrangement  is  intro- 
duced, enabling  both  a  general  survey  of 
the  horizon  and  a  detailed  observation  of 
any  particular  vessel  to  be  made.  This 
is  described  as  follows  : — 

One  of  the  great  handicaps  imposed 
upon  the  operators  of  modern  sub- 
marines has  been  the  inability  to  see  in 
more  than  one  direction  at  a  time.  Only 
by  turning  the  periscope,  or  encircling 
a  "  walk  round,"  has  it  been  possible  to 
scan  the  whole  horizon,  and  then  not  at  a 
single  glance  as  now. 

At  the  top  of  the  instrument  is  an 
annular  lens,  the  exterior  of  which  has  a 


is  circular  ;  much  the  same  in  appearance 
as  if  he  were  looking  at  one  side  of  a 
globe. 

This  describes  one-half  of  the  instru- 
ment, which  in  reality  is  a  double 
periscope.  Immediately  below  the  lens  at 
the  top  of  the  tube  is  a  second  eye,  and 
this  may  be  turned  in  any  direction  and 
focused  on  a  specific  object,  just  as  an 
ordinary  periscope  may.  The  rays  enter- 
ing it  pass  down  the  tube  in  the  same 
manner  as  the  others,  but  without  inter- 
fering with  them.  The  image  appears  in 
the  centre  of  the  panoramic  picture  and 
is  greatly  magnified  in  comparison  with 
individual  objects  shown  in  the  latter. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

— •  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  Included  Information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


RAILWAY  LIGHTING. 

We  have  received  from  Holophane  Ltd. 
a  booklet  describing  the  applications  of 
Holojihane  units  to  various  problems  in 
railway  lighting,  such  as  the  illumination 
of  platforms,  booking  halls,  offices, 
coaches,  &c.  The  booklet  is  illustrated  by 
photographs  of  installations  on  many  of 
the  London  railways,  and  all  the  chief 
types  of  Holopliane  glassware  are  seen  in 
operation.  There  are  also  some  in- 
stallation data  and  particulars  of  indoor 
and  outdoor  industrial  units,  adapted  for 
half -watt  lamps  and  particularly  suitable 
for  goods  yards,  sidings,  &c. 

MAZDA  LAMPS. 

A  recent  list  issued  by  the  British 
Thomson-Houston  Co.,  Ltd.,  gives  jjar- 
ticulars  of  the  latest  types  of  Mazda 
drawn  v^dre  lamps.  In  addition  to  the 
standard  types,  ordinary  and  gas-filled, 
for  voltages  of  100—130  and  200—255, 
25-volt  lamjis  ranging  from  15 — 100  watts 
are  mentioned  as  being  particulai'ly  suit- 
able for  train-lighting,  in  country  houses, 
and  for  use  with  auto-ti'ansformers.  In 
addition,  "  candle,"  "  mazdalite,"  and 
other  special  types  are  illustratctl. 

Supplementary  sheets  dealing  with 
half-watt  and  battery  and  automobile 
lamps  have  also  been  issued. 


EDISWAN  ITEMS. 

Among  various  articles  described  in 
booklets  received  from  the  Edison  and 
Swan  Electric  Co.,  Ltd.,  is  the  Ediswan 
"  Esco  "  Buzzer,  which,  owing  to  its 
compactness,  can  replace  an  electric  bell 
with  advantage  for  many  purposes.  By 
means  of  a  screw  adjustment  twelve  dis- 
tinct tones  can  be  obtained. 

Another  pamphlet  deals  with  the 
Ediswan  "  Hosgood  "  stoneware  electric 
utensils,  such  as  boiling  jugs,  shaving 
pots,  sterilisers  and  food  warmers,  &c. 
The  smaller  vessels  will  take  1 — 2  pints 
of  liquid,  which  can  be  raised  to  boiling 
heat  in  3  to  10  minvites,  according  to  the 
capacity. 

An  interesting  item  is  the  Ediswan 
"  H2O  "  cell,  which  is  intended  to  fulfil 
the  fimctions  of  the  Leclanchc,  but  is 
smaller  and  more  compact.  This  cell 
only  requires  the  addition  of  water  for 
charging,  and,  it  is  stated,  can  be  stored 
for  anj'  length  of  time  and  in  any  climate 
without  deterioration.  Other  advantages 
claimed  are  that  it  is  not  liable  to  creeping 
or  evaporation  whilst  in  use,  that  its 
intern  at  al  resistance  is  low,  and  that  it 
does  not  polarise  in  use  so  readily  as  wet 
batteries  of  tlie  "  Leclanch6  "  type. 
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SHADES  FOR  SUBDUED  INTERIOR 
LIGHTING. 

The  more  stringent  regulations  recently 
issued  for  the  tUmmution  of  private 
lighting  make  it  necessary  for  the  con- 
sumer to  exercise  his  ingenuity  in  pre- 
venting light  straying  out  into  the  street  ; 
the  present  conditions  have  probably  led 
him  to  study  lighting  more  closely  than 
he  ever  did  before. 

Undoubtedly  the  most  important  re- 
quirement is  substantial  blinds,  thi'ough 
which  little,  if  any,  light  can  penetrate. 
If  good  opaque  blinds  are  used  little 
interference  with  the  usual  system  of 
lighting  will  be  necessary.  In  any  room 
where  a  good  general  ilkuuination  is 
essential — for  example,  a  workroom  with 
operations  going  on  over  the  entire  floor — 
tliis  way  of  meeting  the  problem  may  be 
strongly  recommended. 

In  any  case  there  should  be  no  chinks 
tlu^ough  which  direct  light  can  pass.  But 
it  is  often  possible,  at  least  in  inland  towns 
where  the  lighting  regulations  are  not  so 
severe  as  on  the  coast,  to  retain  the 
existing  cvirtains,  even  though  they  allow 
a  little  diffused  light  to  penetrate  out- 
wards, provided  the  lamps  in  the  room 
are  suitably  screened.  The  consumer 
who  already  uses  a  well  shaded  system  of 
lighting,  with  most  of  the  light  thrown 
downwards,  is  here  at  an  advantage.  \Mth 
light  green  casement  curtains  acce2:)table 
conditions  can  usually  be  produced,  pro- 
vided no  direct  light  from  the  source 
reaches  the  curtains.  A  Holophane 
reflector  with  a  silk  or  jDaper  shade  super- 
imposed over  it  answers  the  j^urpose  very 
well. 

In  shop -windows  lamps  must  be 
screened  in  directions  facing  the  street, 
and  in  adcUtion  to  this  it  is  usually  neces- 
sary to  diminish  even  the  light  reflected 
from  the  goods.  This  should  be  done  as 
far  as  possible  by  using  fe^^•er  lamps  or 
lamps  of  smaller  candlepower,  not  by  the 


clumsy  and  occasionally  dangerous  jirac- 
tice  of  sxu"rounding  them  with  crinkled 
coloured  paper. 

Several  of  the  firms  interested  in  light- 
ing appliances  ha\-e  turned  out  cardboard 
shades,  which  serve  as  advertisements., 
and  answer  the  purpose  of  screening  the 
lamps  from  outside  view.  The  illustra- 
tion shows  a  typical  shade  of  this  kind 
supplied  free  by  the  British  Thomson 
Houston  Co.,  Ltd. 


The  shade  is  posted  flat,  and  is  made 
ujD  of  stout  dark  coloiu-ed  card,  with 
stencil  cut-out  lettering,  backed  by 
orange  tinted  paper.  From  the  accom- 
panying illustration  it  will  be  seen  that 
the  shade  can  be  placed  over  anj^  electric 
lamjo  without  removing  the  latter,  while 
if  an  ordinary  fancy  glass  shade  is  used, 
the  "  Mazda  "  shade  will  go  over  it.  To 
place  the  screen  in  position,  the  two  wings 
are  locked  together  around  the  holder, 
this  movement  causing  the  shade  itself  to 
assume  a  curved  form,  thus  shutting  off 
the  direct  light  rays  from  about  one- 
third  of  the  circvunference  of  the  lamp. 
The  wings  are  locked  in  the  following 
manner.  The  right-hand  wing  is  first 
inserted  in  the  slit  (A)  provided  in  the 
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other  wing,  the  hool^ed  end  of  the  wing 
(B)  being  then  held  in  a  second  slit  (C). 
In  this  way  the  wings  are  held  rigidly 
and  the  shade  cannot  fall  off,  or  open  o\it 
accidentally.     The     lettering     shows     up 


with  a  warm  tint  by  transmitted  light, 
and  while  shutting  oft  all  direct  light  in 
front,  permits  of  ample  illumination 
behind.  By  daylight  the  wording  is  also 
clearly  outlined  by  reflected  light. 


A  BRITISH  TRADE  BANK. 

A  most  important  series  of  recom- 
mendations are  made  in  the  Report  just 
issued  by  the  Committee  under  the  chair- 
manship of  Lord  Farintosh,  dealing  with 
national  financial  facilities  for  trade. 

It  is  recommended  that  a  "  British 
Trade  Bank "  should  be  constituted 
under  Royal  Charter.  The  chief  features 
of  the  projDosed  bank  would  be  as 
follows  : — 

(1)  It  should  have  a  capital  of  £10,000,000. 
The  first  issue  should  be  from  £2,500,000  to 
£5,000,000,  upon  which,  in  the  first  instance, 
only  a  small  amount  should  be  paid  up,  but 
which  should  all  be  called  up  within  a  reasonable 
time.  A  further  issue  should  be  made  after- 
wards, if  possible  at  a  premium. 

(2)  It  should  not  accept  deposits  at  call  or 
short  notice. 

(3)  It  should  only  open  current  accounts  for 
parties  who  are  proposing  to  make  use  of  the 
overseas  facilities  which  it  would  afford. 

(4)  It  should  have  a  foreign  department, 
where  special  facilities  might  be  afforded  for 
dealing  with  bills  in  foreign  currency. 

(5)  It  should  open  a  credit  department  for 
the  issue  of  credits  to  parties  at  home  and 
abroad. 

(6)  It  should  enter  into  banking  agency 
arrangements  with  existing  Colonial  or  British 
foreign  banks  wherever  they  could  be  concluded 
upon  reasonable  terms,  and  where  such  arrange- 
ments were  nipde  it  should  undertake  not  to 
set  up  for  a  specified  period  its  own  branches  or 
agencies.     It    should    have    power    to    set    up 


branchss  or  agencies  where  no  British-Foreign 
bank  of  importance  exists. 

(7)  It  should  inaugurate  an  information 
bureau. 

(8)  It  should  endeavour  not  to  interfere  in 
any  business  for  which  existing  banks  and 
banking  houses  now  provide  facilities,  and  it 
should  try  to  promote  working  transactions  on 
joint  account  with  other  banks,  and  should 
invite  other  banks  to  submit  to  it  new  trans- 
actions, which,  owing  to  length  of  time,  magni- 
tude, or  other  reasons,  they  are  not  prepared  to 
undertake  alone. 

(9)  Where  desirable,  it  should  co-operate  with 
the  merchant  and  manufacturer  and  possibly 
accept  risks  upon  joint  account. 

(10)  It  should  become  a  centre  for  syndicate 
operations,  availing  itself  of  the  special  know- 
ledge which  it  will  possess  through  its  Informa- 
tion Bureau. 

(11)  It  should  reeevic  Government  assistance. 

It  is  suggested  that  the  Bank  should 
be  formed  without  delay  in  order  to  be 
in  operation  by  the  time  the  war  is  over, 
when  manj^  opportunities  for  exercising 
its  fimctions  will  arise.  It  is  expected  to 
be  particularly  heljiful  in  financing  over- 
seas contracts  and  in  assisting  the  con- 
siderable number  of  educated  young  men, 
who,  at  the  conclusion  of  the  war,  will 
desire  to  open  up  new  commercial  fields 
in  foreign  countries. 

Tho  proposed  Information  Bureau,  or 
"  Bureau  d'Etudes,"  should  also  bo  of 
great  service  in  collecting  statistics  and 
information  of  value  to  the  leading  in- 
dustries of  the  country. 
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HALF-WATT   LANTERNS   AND 
FITTINGS. 

In  too  many  cases  fittings  intended 
originally  for  use  with  one  or  more 
ordinary  tungsten  lamps  of  low  candle- 
power,  have  been  converted  for  use  with 
a  single  high  candlepower  half -watt  lamp. 
As  a  rule  such  devices  do  not  give  good 
results.  The  half-watt  lamp  requires 
special  treatment  with  a  view  to  getting 
satisfactory  distribution  of  light.  More- 
over, in  view  of  the  greater  heat  pro- 
duced, many  methods  which  answered 
satisfactorily  under  the  old  conditions  are 
not  advisable  when  gas -filled  lamps  are 
emploved. 

We  notice  that  Messrs.  Crompton  and 
Co.,  Ltd.,  are  producing  a  series  of  specially 
designed  half-watt  lanterns  and  fittings, 
of  which  the  type  shown  in  the  adjacent 
illustration  is  an  example.  Such  un- 
desirable features  as  the  use  of  clamping 
screws  on  the  rim  of  the  globe,  or  rubber 
rings  or  perishable  packing  materials, 
have  been  avoided.  The  fitting  is 
equipped  with  separate  panes  of  fluted 
glass  (muranese  or  other  tj^pes  can  also 
be  vised),  thus  facilitating  renewal  of 
broken  glass  at  a  low  cost.  The  structure 
of  the  fittings  is  such  as  to  concentrate  the 
liglit  in  a  useful  downward  direction,   and 


by  using  appropriate  glass  the  high  in- 
trinsic brilliancy  of  the  half -watt  lamp 
can  be  rediiced  without  serious  loss  of 
light. 


The  fitting  shown  is  intended  for  lamps 
up  to  1,500  watts.  In  cases  when  lamjDS 
are  rvin  on  an  alternating  circuit  a  small 
transformer  can  be  fitted  into  the  lantern, 
and  on  installations  where  diminished 
lighting  is  at  present  necessary  a  second 
holder,  carrying  a  lamp  of  comparatively 
low  candlepower,  can  be  supported  below 
the  larger  one. 


MANUFACTURE    OF    BENJAMIN 
REFLECTORS. 

Under  the  title  "  A  Question  of  Origin," 
The  Benjamin  Electric,  Ltd.,  have  issued 
a  neat  booklet  descriptive  of  the  manu- 
facture of  Benjamin  Reflectors  and  other 
accessories,  as  carried  on  at  the  works  in 
Rosebery  Avenue,  E.C.  The  booklet  is 
illustrated  by  photographs  showing  the 
various  processes  in  operation,  inchiding 
the  stamping  out  of  reflector-shapes  under 
the  big  double-action  press,  the  enamelling, 
special  work  in  the  tinsmith's  shop,  &c. 

It  will  be  recalled  that  a  description 
of  these  processes  was  given  in  our  issue 
for  June,  1916.  The  main  object  of  the 
booklet  is  to  demonstrate,  by  actual 
photographs,  the  laroduction  of  Benjamin 
Reflectors  and  other  specialities  at  the 
Coinpany's  Workshops  in  London. 


Assets  exceed 
£2,500,000. 


Claims  paid 
over  £8,500,000. 


By  Appointment. 
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LIGHTING  OF  HOTELS  AND 
RESTAURANTS. 

A  recent  addition  to  the  Holophane 
series  of  booklets  deals  with  various 
phases  of  lighting  in  hotels  and  restau- 
rants. There  are  photographs  of  a 
variety  of  installations,  ranging  from  a 
small  bar  to  a  large  restaurant.  Some 
particulars  are  also  given  of  Reflector 
Bowls,  "  Residence  "  reflectors,  and  other 
appropriate  units  for  this  class  of  work. 
From  tiine  immemorial  the  light  of  the 
distant  hostel  have  cheered  the  traveller. 
At  present,  in  view  of  the  prevailing 
darkness  outside,  cheerful  indoor  illu- 
mination is  all  the  more  welcome. 


TILLEY  HIGH  PRESSURE  GAS  METAL 
FURNACES. 

While  the  interest  of  our  readers  in 
high  pressure  gas  is  centred  mainly  on 
lighting  problems,  it  should  not  be  for- 
gotten that  heating  with  high  pressure 
gas  is  now  playing  an  important  part  in 
iriany  industrial  operations,  for  example, 
in  fm-naces  for  metallurgical  work.  A 
very  coiupact  form  is  the  Tilley  Metal 
Furnace  for  melting  lead,  zinc,  tin,  anti- 
mony, etc.  One  advantage  of  gas-heated 
furnaces  of  this  description  is  that  the 
gas  is  readily  controlled,  and  the  tem- 
perature easily  kept  at  the  right  value. 


CALORIFIC   STANDARD   FOR    GAS. 

In  his  recent  address  before  the  North 
British  Association  of  Gas  Managers,  Mr. 
Masterton  referred  to  the  advisability  of 
establishing  a  calorific  standard  for  gas. 
A  reduction  in  candlepower  affects  mainly 
consumers  using  flat-flame  burnerS;  who 
nvunber  only  15 — 20  per  cent,  (or  less) 
of  the  total  consumers.  If  a  calorific 
standard  is  adopted  permanently  the 
bulk  of  the  consumers  would  benefit,  and 
it  seems  unfair  to  the  majority  to  keep 
back  a  progressive  movement  merely 
because  a  small  percentage  of  consvuners 
would  be  adversely  affected. 


BIRMINGHAM     CHAMBER     OF     COM- 
MERCE—£50,000    DEVELOPMENT 
SCHEME. 

A  scheme  has  been  set  on  foot  by  the 
Birmingham  Chamber  of  Commerce  for 
the  establishment  of  a  "  Hou.se  of  Com- 
merce "  to  act  as  a  centre  for  industrial 


development  in  Birmingham.  In  the 
future  it  is  hoped  to  investigate  such 
questions  as  Transport,  Publicity,  and 
Preparation  of  Statistical  Data,  Euro- 
pean, Colonial  and  South  Ainerican  Trade. 
The  jjroposed  House  of  Commerce  will 
form  part  of  a  development  scheme,  for 
which  £50,000  is  needed,  to  deal  ade- 
quately with  all  these  matters. 


EDUCATION    NOTES. 

The  Polytechnic. 

We  have  received  from  The  Poly- 
technic (Regent  Street,  London)  par- 
ticulars of  the  Courses  in  Engineering 
AND  Mechanical  Science,  to  be  given 
during  the  winter  session,  1916.  Besides 
general  mechanical  engineering,  such 
svibjects  as  motor-car  management  and 
inspection,  aero  engineering,  and  power 
plant  design  are  included. 

In  view  of  the  growing  recognition  of 
the  benefits  of  technical  education,  it  is 
encouraging  to  see  that  such  evening 
classes  are  being  persevered  with,  even 
in  the  present  difficult  circumstances. 
There  nmst  be  many  men  engaged  in 
engineering  occupations  during  the  day 
time  who  could  better  themselves  by 
acquiring  such  special  knowledge  in  their 
leisure  time,  and  in  the  future  we  do  not 
dovibt  that  they  will  reap  the  benefit  of 
their  foresight  in  this  respect. 

The  classes  commence  on  October  2nd, 
and  enroliTient  may  take  place  from  the 
25th — 29th  of  September. 

The   Northampton  Institute 

We  are  glad  to  see  that  in  spite  of  the 
disturbance  caused  by  the  war,  the 
Northampton  Institute  is  making  a 
creditable  effort  to  maintain  their  useful 
work.  We  note  that  the  Evening  Session 
starts  on  September  5th,  and  the  Day 
Courses  Enti'ance  Examinations  on  Sep- 
tember 26th — 27th,  the  Session  com- 
mencing on  October  2nd. 

The  prospectus  contains  particulars  of 
varied  courses  in  engineering,  siich  as 
Automobile  Work,  Aeronautics,  Radio- 
Telegraphy,  and  Technical  Optics,  of 
which  the  Northampton  Institute  has 
made  a  special  feature.  In  view  of  the 
m-gent  need  for  skilled  workers  in  this  glass 
industry  we  hope  that  this  last  coiu'se 
will  be  well  patronised. 

We  notice  that  during  the  past  year, 
some  useful  additions  to  the  plant  in  the 
Electrical  and  Mechanical  Engineering 
Departments  have  been  made. 
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EDITORIAL. 


The  Visit  of  the  Circle  of  Scientific,  Technical,  and  Trade  Journalists  to  the 
Universities  of  Leeds  and  Sheffield. 

During  the  present  year  the  Circle  of  Scientific,  Technical,  and  Trade 
Journalists  has  been  actively  interested  in  the  study  of  technical  education 
and  industrial  research,  and  in  promoting  co-operation  between  those 
interested  in  these  important  subjects.  It  will  be  recalled  that  a  very 
comprehensive  paper  was  read  before  the  Circle  by  Dr.  William  Garnett 
early  in  the  year,  and,  as  a  result  of  the  discussions  which  followed,  an 
invitation  was  extended  to  the  Circle  by  the  Rt.  Hon.  Arthur  Dyke  Acland 
to  visit  the  Imperial  College  of  Science  on  May  31st.  Mr.  Acland,  in 
addressing  his  guests,  expressed  the  hope  that  the  visit  would  mark  the 
beginning  of  closer  relations  between  the  ETniversities  and  the  Press. 

The  precedent  set  by  the  Imperial  College  has  now  been  followed  by 
the  E-niversities  of  Leeds  and  Sheffield,  which  invited  the  Circle,  as  the 


302  THE  ILLUMINATING  ENGINEER  (oct.   1916) 

section  of  the  Institute  of  Journalists  chiefly  interested  in  these  matters, 
to  form  a  party  to  visit  these  cities  on  October  8th — 10th.  On  pp.  315-322 
we  give  a  complete  account  of  the  proceedings. 

The  party,  who  were  the  guests  of  the  Universities  throughout,  found 
the  visit  a  most  enjoyable  and  instructive  experience.  An  interesting 
feature  was  the  series  of  visits  to  various  local  factories,  selected  to  repre- 
sent as  far  as  possible  industries  with  which  the  work  of  the  Universities 
is  associated. 

In  passing  through  the  special  departments  of  the  Universities,  devoted 
to  such  subjects  as  organic  and  tinctorial  chemistry,  leather  and  textile 
work,  metallurgy,  &c.,  all  were  struck  by  the  excellent  and  in  many  respects 
unique  facilities  provided  for  research.  It  is  lamentable  to  think  that  the 
depletion  of  staff  and  students  through  the  war  inevitably  interferes  with 
the  development  of  much  of  this  work  ;  fortunately  the  present  conditions 
have  also  opened  up  new  opportunities  for  national  service. 

Yet  these  Universities,  while  aiming  at  a  close  connection  with  industry, 
do  not  lose  sight  of  the  higher  fundamental  elements  in  education,  which 
are  essential  in  any  scheme  of  training  intended  to  produce  men  capable 
of  taking  a  broad  human  outlook  on  problems  of  the  present  day. 
This  was  particularly  well  illustrated  by  Mr.  Sadler's  admirable  and 
inspiring  address,  in  which  the  claims  respectively  of  the  humanities  and 
of  technical  and  purely  scientific  knowledge  were  balanced.  Mr. 
Sadler  showed,  too,  how  the  constitution  of  Leeds  University,  receiving 
endowments  and  funds  both  from  the  State  and  from  local  sources,  is 
admirably  adapted  to  the  preservation  of  this  dual  aspect  of  education. 
The  support  of  local  manufacturers,  authorities,  and  institutions,  and 
the  deep  interest  which  they  take  in  the  welfare  of  the  University  places 
it  in  a  position  to  do  full  justice  to  the  claims  of  local  industries  ;  but  at 
the  same  time  the  relation  with  the  State  enables  it  also  to  mould  its  courses 
of  study  so  as  to  be  adapted  to  broader  national  requirements. 

On  the  various  advisory  committees  which  assist  the  work  of  the 
different  departments,  academic  and  business  interests  are  well  balanced, 
and  such  co-operation  must  have  a  beneficial  influence  on  the  work  of  the 
University.  But  it  will  be  generally  agreed  that  leading  educational 
institutions  should  be  free  to  mould  their  system  of  education  without 
undue  commercial  or  political  control ;  freedom  in  this  direction  can  be 
safeguarded  by  the  distribution  of  funds  so  that  the  University  is  not 
entirely  dependent  on  any  one  source  of  endowment. 

The  atmosphere  of  these  northern  cities  is  somehow  suggestive  of 
vast  industrial  activity  and  of  new  forces  struggling  for  expression.  Those 
who  have  not  recently  visited  Sheffield,  for  example,  can  form  no  adequate 
conception  of  the  immense  area  covered  by  the  great  armament  firms, 
still  spreading  and  expanding  and  producing  in  works  standing  on  ground 
that  was  open  fields  but  a  few  months  ago.  At  present  the  energies  of 
these  firms  are  naturally  concentrated  on  the  production  of  war  material, 
but  it  is  obvious  that  after  the  war  there  will  be  great  opportunities  for 
their  conversion  to  new  fields  of  industry,  and  for  the  application  on  a  far 
larger  scale  than  at  present  of  scientific  knowledge  and  method. 

Another  thing  that  struck  the  visitors  was  the  keen  interest  and  pride 
felt  by  the  cities  of  Leeds  and  Sheffield  in  the  work  of  their  Universities. 
In  the  past  the  support  given  to  those  institutions  has  been  on  a  generous 
scale.  We  hope  and  believe  that  in  the  present  circumstances,  when  there 
is  in  some  quarters  a  tendency  to   "  economise  "    over  education,   these 
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cities  will  live  up  to  their  past  record  and  see  that  the  work  of  the 
Universities  is  not  hampered  by  insufficient  funds,  and  that  in  the  future 
even  greater  support  will  be  available  for  the  expansion  of  their  valuable 
activities. 

We  notice  that  in  the  course  of  last  year,  when  there  seemed  to  be 
some  danger  of  undue  economies  in  this  direction,  the  Universities  of 
Manchester,  Liverpool,  Leeds,  and  Sheffield  took  common  action,  and 
presented  to  the  Committee  on  Public  Retrenchment  a  Memorandum 
summarising  the  activities  of  the  Universities,  expressing  the  hope 
that  their  work  would  not  be  allowed  to  suffer.  We  understand  that 
the  Universities  are  in  constant  touch  with  each  other,  and  that  their 
courses  of  study  and  examinations  are  arranged  on  similar  lines.  Doubtless 
such  concerted  effort  will  enable  these  Universities  to  exert  a  powerful 
influence  on  behalf  of  education.  We  were  glad  to  observe  that  some  of 
the  leading  manufacturers  appreciate  the  advantage  of  securing  technically 
trained  men  from  the  Universities.  It  is  evident  that  appropriate  salaries 
must  be  obtained  in  order  to  retain  men  of  the  right  class,  ond  after  the 
war  the  demand  may  exceed  the  supply. 

At  the  present  time,  when  we  are  all  distracted  by  the  war,  it  may  be 
difficult  to  organise  great  extensions  in  technical  education.  But  we  can  at 
least  prepare  public  opinion  for  the  great  educational  expansions  that 
will  undoubtedly  become  necessary  after  the  war,  and  here  the  Scientific 
and  Technical  Press  can  do  most  valuable  work.  As  yet  the  public  has 
hardly  grasped  how  great  must  be  our  efforts  and  how  generous  the 
nation's  contribution  to  educational  centres  in  the  future  if  w^e  are  to  make 
up  the  leeway  of  the  past. 

In  dwelling  on  these  things,  however,  there  is  no  need  to  strike  a 
despondent  note.  Conscious  as  we  are  of  the  vast  amount  that  remains 
to  be  done,  it  is  an  encouragement  and  a  stimulus  to  further  effort  to  turn 
our  eyes  in  directions  where  the  good  fight  is  making  progress,  and  to 
let  the  country  know  what  is  being  done  even  now  in  our  midst.  To  many 
of  the  party  the  possibilities  in  the  work  of  the  Universities  of  Leeds  and 
Sheffield  came  as  a  revelation.  Here  at  least  the  torch  of  science  is  being 
kept  alight,  and  only  needs  judicious  replenishment  to  burst  into  new 
splendour  after  the  war. 

A  very  pleasant  feature  was  the  co-operation  of  the  local  Press,  who 
joined  in  welcoming  the  visitors  on  their  arrival  in  Leeds,  and  took  part 
in  the  visits,  and  who,  in  their  subsequent  reports  of  the  proceedings,  paid 
a  well-merited  tribute  to  the  work  of  the  Universities.  Their  much- 
appreciated  action  in  this  respect  is  typical  of  the  co-operation  we  should 
like  to  see  established  between  the  daily  Press  and  their  brethren  in  the 
scientific  and  technical  sphere  in  keeping  the  important  subjects  of  technical 
education  and  industrial  research  before  the  notice  of  the  nation. 

In  conclusion,  we  should  like  to  express  our  deep  appreciation  of  the 
enterprise  of  the  Universities  in  arranging  this  visit,  and  of  the  great  amount 
of  trouble  taken  by  the  Vice-Chancellors  and  the  Professors  in  making 
the  trip  enjoyable  and  instructive.  Everything  possible  was  done  for 
their  comfort.  A  word  of  acknowledgment  is  due  to  Mr.  Wheeler,  the 
Secretary  of  Leeds  University,  on  whom  fell  much  of  the  work  in  making 
the  prehminary  arrangements  for  the  visit  to  Leeds.  Thanks  are  also 
due  to  the  IMidland  Railway  Co.,  who  made  special  arrangements  for  the 
comfort  of  visitors  on  their  journey. 


304  THE  ILLUMINATING  ENGINEER  (oct.   1916) 

Illuminating  Engineering  in  the  United  States. 

On  pp.  305 — ^308  we  give  a  summary  of  the  proceedings  at  the  Tenth 
Annual  Convention  of  the  IlUiminating  Engineering  Society  in  the  United 
States.  As  usual  the  papers  covered  a  wide  variety  of  topics,  and  the 
Convention  this  year  must  have  been  rendered  particularly  interesting 
by  the  fact  of  a  series  of  lectures  on  illuminating  engineering  being  given 
at  Pennsylvania  University,  and  the  visits  to  local  installations  arranged 
in  connection  therewith. 

An  interesting  address  was  delivered  by  the  new  President,  Dr.  C.  P. 
Steinmetz,  who  dealt  with  the  fascinating  problem  of  the  efficiency  of 
light  production,  as  illustrated  by  modern  illuminants.  Future  progress, 
Dr.  Steinmetz  pointed  out,  must  lie  mainly  in  the  direction  of  the  fuller 
utilisation  of  the  principle  of  luminescence.  A  high  efficiency  can  only 
be  expected  from  processes  involving  the  transformation  of  energy  from 
a  high  form  to  a  low  one.  In  the  case  of  solids  brought  to  incandescence 
by  the  action  of  heat  there  is  inevitably  considerable  loss.  In  those 
illuminants  using  electro-luminescence  a  somewhat  better  result  may  be 
expected,  but  we  are  still  far  from  the  theoretically  attainable  efficiency 
of  300 — 400  lumens  per  watt. 

Many  of  the  other  papers  and  addresses  dealt  with  practical  problems. 
Mr.  L.  B.  Marks,  for  example,  referred  to  the  tendency  to  greater  pre- 
cision in  industrial  lighting,  as  exemplified  by  the  action  of  the  States  of 
Pennsylvania  and  New  Jersey  in  accepting  a  Code  of  Factory  Lighting, 
based  on  the  provision  of  illumination  requirements  in  terms  of  foot- 
candles.  This  enterprising  action  appears  to  be  a  direct  result  of  the 
excellent  pioneering  work  recently  carried  out  by  the  Illuminating 
Engineering  Society  in  the  United  States,  and  will  no  doubt  be  followed 
by  other  States.  On  p.  324  we  give  a  summary  of  the  Pennsylvania  Code, 
which,  in  its  general  lines,  is  in  close  agreement  with  the  Report  of  the 
Home  Office  Departmental  Committee  in  this  country. 

Among  the  other  varied  subjects  discussed  at  the  Convention  we 
notice  several  papers  on  the  projection  of  hght,  and  it  is  satisfactory  to 
note  that  this  subject  is  now  receiving  the  attention  of  lighting  engineers. 
It  is  not  sufficiently  recognised  how  low  is  the  efficiency  of  the  optical 
lantern,  the  cinematograph,  and  other  similar  apparatus.  According  to 
Mr.  Chillas  only  about  5 — 8  per  cent,  of  the  light  from  the  source  actually 
reaches  the  screen.  There  is  therefore  vast  room  for  improvement. 
Photometric  problems  also  received  a  fair  share  of  attention.  The  use 
of  the  integrating  sphere  has  made  considerable  progress  in  the  States, 
and  its  possibilities  and  defects  are  becoming  better  understood.  It 
appears  that  such  apparatus,  while  giving  a  fair  measure  of  accuracy  in 
skilled  hands,  needs  to  be  used  intelHgently. 

Yet  another  section  of  illuminating  engineering  where  good  work 
is  being  done  is  the  study  of  brightness  and  its  effect  on  the  eye.  The 
series  of  figures  given  by  Mr.  P.  G.  Nutting  show  how  closely  such  results 
are  associated  with  the  state  of  adaptation  of  the  eye — a  circumstance 
which  has  perhaps  hardly  been  sufficiently  appreciated  by  students  in  the 
past. 

We  are  also  glad  to  see  that  the  series  of  lectures  following  the  Conven- 
tion was  well  attended,  and  we  shall  look  forward  with  interest  to  the 
printed  report  which  will  doubtless  furnish  a  valuable  record  of  present 
practice  in  the  United  States. 

Leon  Gaster. 
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NOTES    ON    THE    TENTH    ANNUAL    CONVENTION 

OF    THE    ILLUMINATING    ENGINEERING 

SOCIETY    (U.S.A.). 

(Held  in  Philadelphia,  September  18th— 20th,  1916.) 


In  a  previous  issue  we  presented  a  list  of 
the  papers  to  be  read  at  the  Tenth 
Annual  Convention  of  the  Illuminating 
Engineering  Society  in  the  United  States. 
In  the  following  notes  we  propose  to 
give  a  summary  of  the  proceedings  and 
of  the  contents  of  these  papers.  The 
Convention  was  attended  by  nearly  500 
delegates  representative  of  different  phases 
of  the  lighting  industry  ;  special  interest 
was  aroused  by  the  series  of  lectures 
arranged  at  Pennsylvania  University, 
following  immediately  after  the  Con- 
vention, and  including  a  tour  of  the  chief 
lighting  installations  in  the  district. 

Presidential  Address. 

After  a  welcome  had  been  accorded 
to  the  visitors  by  Mr.  E.  B.  Cattell,  chief 
city  statistician  of  Philadelphia,  an 
address  was  delivered  by  Dr.  C.  P. 
Steinmetz,  the  new  president.  Dr.  Stein- 
metz,  in  summarising  recent  progress  in 
illuminants,  expressed  the  view  that  the 
most  hopeful  prospect  of  approaching 
the  ideal  efficiency,  computed  at  300 — 
400  lumens  per  watt,  lay  in  the  utilisation 
of  luminescence.  The  luminous  arc,  with 
an  efficiency  of  approximately  100  lumens 
per  watt  (O'l  2  watts  per  candle),  furnished 
one  of  the  best  examples  of  such  an 
illuminant.  In  general  a  high  efficiency 
could  only  be  anticipated  if  energy  were 
transformed  from  a  high  form  to  a  low 
one.  If  one  relied  on  the  converse 
operation,  as  in  the  case  of  solids  heated 
to  incandescence  where  heat  is  converted 
into  light,  the  process  was  invariably 
comparatively  inefficient. 

Dr.  Steinmetz  also  described  some  of 
the  investigations  now  in  progress  with 
a  view  to  obtaining  still  higher  efficiencies 
from  the  luminous  arc.  These  include 
a  survey  of  the  spectra  of  the  vapour  of 


all  known  elements,  under  varied  con- 
ditions of  electrode  temperature  and 
pressure.  Most  of  our  present  informa- 
tion is  based  on  phenomena  which  take 
place  at  ordinary  atmospheric  pressure  ; 
but  it  is  well  known  that  marked  varia- 
tions occur  when  the  pressure  is  greatly 
increased  or  diminished.  For  example, 
the  mercury  vapour  lamp,  whose  ordinary 
predominant  tone  is  green,  becomes 
pinkish  when  superheated  mercury  is 
used,  and  violet  at  very  low  temperatures 
and  pressures. 

As  an  instance  of  other  possible 
directions  of  research,  Dr.  Steinmetz 
mentioned  the  luminescence  of  willemite 
under  cathode  bombardment ;  in  electro- 
luminescence the  physicist  has  an  energy- 
conversion  of  the  highest  efficiency  but 
a  really  satisfactory  method  of  applying 
the  exciting  energy  has  still  to  be 
obtained. 

Report  on  Progress. 

The  usual  report  is  presented  by  the 
Committee  on  Progress,  occupying  60 
pages  of  densely-printed  matter.  A  list 
of  symbols  and  definitions  of  terms  used 
in  illuminating  engineering  has  been 
prepared  by  the  Committee  of  Nomen- 
clature and  Standards.  These  are  repro- 
duced on  pp.  309 — 313  in  this  issue. 

Projection  Problems. 

Two  papers,  by  J.  A.  Orange  and 
R.  B.  Chillas,  deal  with  the  designs  of 
apparatus  for  optical  projection,  such  as 
the  searchlight  and  the  magic  lantern. 
The  formula  for  the  illumination  of  the 
screen  is  as  follows  : — 

where  B  is  the  intrinsic  brilliancy  of  the 
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source,  A  the  apparent  opening  of  the 
objective,  x  the  distance  of  projection 
and  k  the  coefficient  of  transmission  of 
the  system.  From  this  it  is  apparent  that 
the  most  important  factor  in  the  source 
of  light  is  high  intrinsic  brightness.  The 
coefficient  of  transmission  of  the  system 
is  exceedingly  low.  R.  B.  Chillas  estimates 
that  only  10 — 12  per  cent,  of  the  light 
yielded  by  the  arc  crater  strikes  the 
condenser  in  the  lantern,  and  that  the 
percentage  of  the  original  light  reaching 
the  screen  is  under  5 — 8  per  cent.  In  a 
searchlight,  using  a  parabolic  mirror,  on 
the  other  hand,  about  60  per  cent,  of 
the  total  flux  of  light  is  received  by  the 
mirror.  He  therefore  asks  whether  ellip- 
tical mirrors,  with  the  source  at  one  focus 
and  the  objective  at  the  other,  could  not 
be  used  for  lantern  projection,  believing 
that  a  higher  efficiency  might  conceivably 
be  obtained  in  this  way. 

In  practice  it  is  necessary  to  compro- 
mise between  the  best  arrangements  of 
lens  and  source.     One  may  : — 

(1)  Use  a  very  small  objective,  an 
ordinary  condenser  and  a  powerful  and 
expensive  source. 

(2)  Use  a  small  objective,  an  expensive 
condenser  and  a  small  cheap  source  of 
light. 

(3)  Use  an  objective  which  has  a  gross 
aperture  in  excess  of  the  effective  aperture 
for  any  field  point,  a  cheap  condenser, 
and  a  relatively  small  and  cheap  source. 

Mr.  Orange  summarises  the  figures  so 
far  given  for  the  illumination  of  cinema- 
tograph screens  ;  2'5  ft. -candles  seems  a 
desirable  figure. 

A  paper  by  H.  P.  Gage,  on  "  Coloured 
Glass  in  Illuminating  Engineering,"  con- 
tains some  curves  showing  the  distribution 
of  light  in  the  spectrum  from  typical 
glasses  of  so-called  pure  colours  (red, 
green,  <fec.).  A  reference  is  also  made  to 
glass  for  the  obstruction  of  ultra-violet 
light,  fluorescing  glass,  and  amber  glass 
to  relieve  eyestrain.  It  is  sometimes 
held  that  the  latter  glass  improves  acuity 
of  vision,  but  the  author  prefers  the  full 
spectrum  of  white  light.  An  "  artificial 
daylight "  screen  for  use  with  the  half- 
watt  lamp  is  now  available ;  this  is 
stated  to  transmit  about  15  per  cent,  of 
light. 


Photometry    with    the    Integrating 
Sphere. 

An  interesting  paper  was  read  by  F.  A. 
Benford  on  '"  The  Integrating  Sphere  and 
a  New  Type  of  Compensating  Screen." 
It  is  pointed  out  that  in  an  integrating 
sphere  errors  are  caused  by  the  presence 
of  "  foreign  bodies  "  such  as  the  screens 
inserted  to  protect  the  observation 
window  from  the  direct  rays  of  the  lamp 
tested  or  from  the  calibrating  source. 
Errors  may  also  be  caused  by  the  absorp- 
tion of  light  by  the  actual  lamp  tested. 
These  errors  are  most  observable  with 
spheres  of  small  diameter ;  when  the 
diameter  attains  two  metres  or  over  they 
are  of  less  account.  The  author  suggests 
a  special  form  of  screen  to  compensate 
these  effects.  This  consists  of  a  small 
convex  mirror,  with  the  reflecting  surface 
facing  the  window,  whose  position  is  so 
adjusted  that  the  hemisphere  in  which 
the  window  is  located  is  now  entirely 
visible  from  the  window ;  there  are 
thus  two  distinct  paths  by  which  rays 
from  the  interior  surface  of  the  sphere 
reach  the  window  :  (a)  directly,  and  (b) 
by  reflection  from  the  convex  mirror. 
A  refinement  which  adds  to  the  efficacy 
of  the  device  consists  in  painting  sections 
of  the  mirror-surface  with  black  paint. 
In  this  way,  it  is  claimed,  the  errors  due 
to  foreign  bodies  are  diminished  and  the 
effect  of  unsymmetrical  distribution  of 
light  from  the  source  tested  is  much  less 
noticeable. 

Forced  Life  Tests. 

L.  J.  Lewinson  discusses  the  value  of 
forced  life  tests  on  incandescent  lamps, 
i.e.,  tests  in  which  the  lamps  are  inten- 
tionally run  at  a  higher  efficiency  than 
normal  so  that  the  diminution  in  candle- 
power  takes  place  more  quickly.  Such 
tests  lead  to  a  considerable  saving  in  time 
but  have  to  be  made  as  carefully  as 
ordinary  life  tests.  It  is  known  that  the 
results  by  forced  and  ordinary  life  tests 
can  be  related  thus  : — 

Lifci /lumens  per  watt2\6 

Life2     \lumens  per  watti/ 

The  exponent  h  was  assumed  prior  to 
1914  to  have  the  value  6"65,  but  this  does 
not  appear  to  apply  to  all  types  of  lamps 
and  the  author,  as  a  result  of  extensive 
tests,  presents  figures  varying  from  5'6 
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to  8.2.  There  is  a  general  tendency 
towards  a  lower  component  for  lamps  of 
smaller  sizes.  The  errors  involved  in 
assuming  a  fixed  exponent  are  represented 
in  a  diagrammatic  form. 

Brightness  Eelations. 

Several  papers  dealing  with  ''  bright- 
ness "  in  various  aspects  were  read. 
P.  G.  Nutting,  in  his  paper  on  "  Bright- 
ness and  Contrast  in  Vision,"  analyses 
the  conditions  over  the  whole  range  of 
brightness,  the  three  most  important 
factors  being  :  (1)  the  lowest  perceptible 
brightness,  (2)  the  faintest  perceptible 
contrast,  and  (3)  the  highest  comfortable 
brightness. 

These  data  are  conveniently  assembled 
in  tabular  form  thus  : — ■ 


involved  in  the  problem  of  measuring 
the  subjective  brightness,  i.e.,  the 
brightness  of  an  object  as  the  mind 
actually  conceives  it.  The  "  retinal 
brightness "  depends  on  at  least  30 
different  factors.  An  interesting  curve 
is  shown  by  the  author  connecting  the 
duration  of  a  retinal  "  after-image  "  with 
the  period  of  pre-exposure.  In  view  of 
the  suggestion  that  the  study  of  such 
images  might  furnish  a  method  of 
estimating  glare,  this  curve  is  of  interest. 
Another  aspect  of  the  problem  is 
attacked  by  F.  C.  Caldwell,  who  has  made 
the  experiment  of  changing  from  direct 
to  indirect  light  (the  observer  meantime 
having  his  eyes  closed)  and  then  asking 
for  a  judgment  whether  the  illumination 
is  greater  or  less  in  one  case  than  the 


Brightness 

Discrimin- 

Threshold 

of"  Field 

Difference 

ation 

Limit 

Glare  Limit 

(millilamberts). 

Fraction. 

Factor. 

(miUilamberts). 

(millilamberts). 

0-000001 

(1-00) 

1-0 

0-00000093 

20-1 

0-00001 

(0-66) 

1-5 

0-0000042 

40-7 

0-0001 

0-39.5 

2-5 

0-000019 

89-0 

Exteriors  at  night 

0-001 

0-204 

4-5 

0-000087 

186-0 

0-01 

0-078 

12-8 

0-00039 

400-0 

Interiors  at  night 

0-1 

0-370 

27-0 

0-00174 

810-0 
Lamberts. 

1-0 

0-0208 

48-2 

0-0081 

1-66 

Interiors  by  day 

10-0 

0-0174 

57-5 

0-036 

3-47 

100-0 

0-0172 

58-1 

0-28 

7-25 

Exteriors  by  day 

1000-0 

0-0240 

41-7 

2-15 

14-45 

10000-0 

(0-048) 

(20-9) 

(232-01 

30-90 

One  of  the  most  important  quantities 
is  the  "  Discrimination  factor,"  defined 
as  the  field  brightness  divided  by  the  just 
noticeable  brightness  (B/drs).  It  is  seen 
that  this  reaches  a  maximum  value  of 
50  —60  as  the  brightness  rises ;  but 
after  a  certain  point  glare  sets  in  and 
the  figure  begins  to  fall  again.  Similarly, 
the  order  of  brightness  which  causes 
perceptible  glare  (glare  limit)  and  the 
least  brightness  which  the  eye  can  detect 
as  light  (threshold  limit)  continuously 
rise  as  the  eye  becomes  adapted  to  each 
rising  step  in  the  general  brightness  level. 
L.  T.  Troland,  in  "'Apparent  Brightness  : 
its  Conditions  and  Properties,"  points  out 
that  while  a  fair  measure  of  precision  has 
been  reached  in  determining  the  objective 
brightness  of  surfaces,  no  one  has  yet 
been    able    to    solve    the    complexities 


other.  While  the  results  are  mainly 
inconclusive,  it  is  interesting  to  note  that 
five  out  of  seven  observers  asked  for  a 
higher  actual  illumination  by  the  indirect 
lighting  than  by  the  direct  lighting,  in 
order  to  get  the  same  mental  effect. 

Dr.  C.  E.  Ferree  and  Miss  G.  Rand, 
whose  previous  papers  have  been  con- 
cerned with  the  etTect  of  gradation  of 
brightness  in  the  field  of  vision,  give  the 
results  of  some  experiments  on  a  series 
of  six  reflectors  of  various  densities  ;  these 
serve  to  confirm  the  views  previously 
expressed  as  to  the  effect  of  bright 
surfaces  on  clearness  of  vision. 

Bowls  and  Reflectors. 
J.  L.  Stair  and  J.  A.  Hoeveler  emphasise 
the  value  of  ui)})or  reflectors  in  connection 
witli     translucent    bowls — especially    in 
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modifying  the  distribution  of  light  and 
diminishing  the  glare  that  would  otherwise 
be  obtained  from  half-watt  lamps.  11.  W. 
Jenkins  and  G.  W.  Eoosa  ('"  Recent 
Developments  in  Prismatic  Glassware  ") 
likewise  referred  to  the  development  of 
glassware  for  these  lamps,  special  attention 
bemg  called  to  the  latest  bowls  of  a 
decorative  type. 

Miscellaneous. 

A  very  interesting  report  is  presented 
on  the  Lighting  of  the  Cleveland  Museum 
of   Art   by   "  artificial   daylight  "   units. 


S.  G.  Hibbenal  analyses  the  costs  of 
lighting  a  large  office,  dealing  incidentally 
with  the  problem  of  illuminating  eleva- 
tors. C.  S.  Snyder  and  F.  H.  Gilpin 
describe  the  gas-lighting  of  the  Phila- 
delphia Civic  Exhibition,  a  feature  of 
which  was  the  extreme  uniformity  of  the 
illumination  obtained,  while  C.  H.  French 
and  C.  J.  van  Gieson  advocate  the 
adoption  of  a  combination  of  gas  and 
electric  lighting  in  the  home,  the  best 
method  of  dealing  with  halls,  dining  and 
drawing  rooms,  bedrooms,  &c.,  and  other 
typical  rooms  being  discussed  in  detail. 


CONDITIONS  OF  ILLUMINATION  IN 
NEW  YORK  BUILDINGS. 

In  the  exhaustive  inquiries  which  have 
been  made  by  many  social  workers  into 
the  conditions  in  tenements  and  large 
city  buildings,  one  has  often  been  struck 
by  the  absence  of  any  data  regarding  the 
lighting  conditions.  It  is  therefore  inter- 
esting to  note  in  a  recent  bulletin  issued 
by  the  Department  of  Health  in  New 
York,  an  account  of  an  inspection  of  a 
large  block  of  buildings  in  that  city,  which 
included  an  inquiry  into  the  conditions 
of  illumination.  It  is  remarked  that  in 
the  offices  visited  as  many  as  85 '33  per 
cent,  of  the  employees  worked  by  arti- 
ficial light  (it  seems  to  be  implied 
exclusicehj  by  artificial  light).  The  proper 
arrangement  of  the  illumination  is  there- 
fore a  matter  of  importance. 

The  inspector  (Dr.  Marion  B.  McMillan) 
was  struck  by  the  fact  that,  while  sesthetic 
efiects  in  lighting  were  evidently  the 
subject  of  much  study  and  great  skill  was 
sometimes  shown  m  the  application  of 
expensive  lighting  fittings,  very  little 
attention  had  been  given  to  the  fhysiohqi- 
cal  effect  of  the  illvwination.  The  amount 
of  illumination  varied  from  0*5  to  over 
40  ft. -candles  ;  there  appeared  to  be  no 
recognised  standard  although  the  require- 


ments in  different  offices  were  apparently 
substantially  the  same.  It  was  con- 
sidered that  for  type  writing  and  book- 
keeping as  much  as  8—9  foot-candles 
was  desirable,  the  best  results  being 
obtained  from  desk -lights,  well  shaded 
and  placed  about  19  inches  from  the  work. 
There  is  evidence  that  very  much  higher 
illuminations,  such  as  occur  when  40 
and  60  watt  lamp  local  lamps  are  used 
for  desk  lighting,  affected  the  eyes  pre- 
judicially. Cases  are  recorded  in  which 
the  use  of  glasses  began  when  the  workers 
first  began  to  do  their  work  by  artificial 
light.  An  interesting  case  was  that  of  a 
bookkeeper  who  suffered  from  headaches 
which  were  traced  to  the  excessive 
illumination  (about  18  ft. -candles).  When 
this  was  reduced  to  7  ft.-candles  the 
headaches    disappeared.  J 

The  concentration  of  light  on  a  small      * 
area,     with     comparatively     dark     sur- 
roundings, is  regarded  as  highly  prejudicial 
and  local  lighting   requires   to   be   used 
with  care. 

It  can  hardly  be  doubted  that  a  similar 
inspection  of  offices  in  this  city  would  be 
productive  of  similar  comments.  At 
the  present  time,  when  economy  in 
lighting  is  being  urged  on  national 
grounds,  this  matter  may  be  commended 
to  the  notice  of  the  medical  profession. 
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SYMBOLS,    TERMS,    AND    DEFINITIONS    USED    IN 
ILLUMINATING    ENGINEERING. 

Presented  by  the  Committee  on  Nomenclature  of  the  Illuminating  Engineering  Society,    U.S.A. 

September  18th,  1916. 


Definitions. 

1.  Luminous  Flux  is  radiant  power 
evaluated  according  to  its  visibility  ;  i.e., 
its  capacity  to  produce  the  sensation  of 
light. 

2.  The  visibility,  Kx  of  radiation,  of  a 
particular  wave-length,  is  the  ratio  of 
the  luminous  flux  to  the  radiant  power 
producing  it. 

3.  The  mean  value  of  the  visibility,  K„, 

over  any  range  of  wave-lengths,  or  for 
the  whole  visible  spectrum  of  any  source, 
is  the  ratio  of  the  total  luminous  flux 
(in  lumens)  to  the  total  radiant  power 
(in  ergs  per  second,  but  more  commonly 
in  watts). 

4.  The  luminous  intensity,  I,  of  a  point 
source  of  light  is  the  solid  angular  density 
of  the  luminous  flux  emitted  by  the 
source  in  the  direction  considered ;  or 
it  is  the  flux  per  unit  solid  angle  from  that 
source. 

Defining  equation  : 


1= 


or,  if  the  intensity  is  uniform, 

where  w  is  the  solid  angle. 

5.  Strictly  speaking  no  point  source 
exists,  but  any  source  of  dimensions 
which  are  negligibly  small  by  comparison 
with  the  distance  at  which  it  is  observed 
may  be  treated  as  a  point  source. 

6.  Illumination,  on  a  surface,  is  the 
luminous  flux-density  on  that  surface,  or 
the  flux  per  unit  of  intercepting  area. 

Defining  equation  : 

dF 


E=' 


rfS' 


or,  when  uniform, 

S' 

where  S  is  the  area  of  the  intercepting 
surface. 

7.  Candle — the  unit  of  luminous  inten- 
sity maintained  by  the  national  labora- 
tories of  France,  Great  Britain,  and  the 

United  States.* 

8.  Candlepower — luminous  intensity  ex- 
pressed in  candles. 

9.  Lumen — the  unit  of  luminous  flux, 
equal  to  the  flux  emitted  in  a  unit  solid 
angle  (steradian)  by  a  point  source  of 
one  candlepower.f 

10.  Lux — a  unit  of  illumination  equal 
to  one  lumen  per  square  meter.  The 
cgs.  unit  of  illumination  is  one  lumen 
per  square  centimeter.  For  this  unit 
Blondel  has  proposed  the  name  "  Phot." 
One  millilumen  per  square  centimeter 
(milliphot)  is  a  practical  derivative  of  the 
cgs.  system.  One  foot-candle  is  one 
lumen  per  square  foot  and  is  equal  to 
r0764  milliphots. 

The  milliphot  is  recommended  for 
scientific   records. 

11.  Exposure-  the  product  of  an  illum- 
ination by  the  time.  Blondel  has  proposed 
the  name  ''  phot-second  "  for  the  unit 
of  exposure  in  the  cgs.  system.  The 
micro])hot  second  (0000001  phot-second) 
is  a  convenient  uiiit  for  photographic 
plate  exposure. 

12.  Specific  luminous  radiation,    E' — 

the   luminous  flux-donsity  omitted  by  a 
surface,  or  the  flux  emitted  ])er  unit  of 

*  This  unit,  which  is  used  also  by  many  other 
countries,  is  frequently  referred  to  as  the  inter- 
national (umdle. 

f  A  uniform  source  of  one  candle  emits  iir 

luiiicns. 
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emissive  area.  It  is  expressed  in  lumens 
per  square  centimeter. 

Defining  equation  : 

For  surfaces  obeying  Lambert's  cosine 
law  of  emission, 

13.  Brightness,  b,  of  an  element  of  a 
luminous  surface  from  a  given  position, 
may  be  expressed  in  terms  of  the  luminous 
intensity  per  unit  area  of  the  surface 
projected  on  a  plane  perpendicular  to  the 
line  of  sight,  and  including  only  a  surface  of 
dimensions  negligibly  small  in  comparison 
with  the  distance  at  which  it  is  observed, 
It  is  measured  in  candles  per  square 
centimeter  of  the  projected  area. 

Defining   equation  : 

rfiS  COS  d 

(where     is  the  angle  between  the  normal 
to  the  surface  and  the  line  of  sight.) 

14.  Normal  brightness,  bo,  of  an  element 
of  a  surface  (sometimes  called  specific 
luminous  intensity)  is  the  brightness  taken 
in  a  direction  normal  to  the  surface.* 

Defining  equation  : 

or,  when  uniform, 

15.  Brightness  may  also  be  expressed 
in  terms  of  the  specific  luminous  radiation 
of  an  ideal  surface  of  perfect  diffusing 
qualities,  i.e.,  one  obeying  Lambert's 
cosine  law. 

16.  Lambert — the  cgs.  unit  of  brightness 
— the  brightness  of  a  perfectly  diffusing 
surface  radiating  or  reflecting  one  lumen 
per  square  centimeter.  This  is  equivalent 
to  the  brightness  of  a  perfectly  diffusing 
surface  having  a  coefficient  of  reflection 
equal  to  unity  and  an  illumination  of  one 
phot.  For  most  purposes,  the  milli- 
lambert  (0"001  lambert)  is  the  preferable 
practical  unit. 

*  In  practice,  the  brightness  6  of  a  luminous 
surface  or  element  thereof  is  observed  and  not 
the  normal  brightness  6q.  For  surfaces  for 
which  the  cosine  law  of  emission  holds,  the 
quantities  b  and  fc^  are  equal.- 


A  perfectly  diffusing  surface  emitting 
one  lumen  per  square  foot  will  have  a 
brightness  of  1"076  millilamberts. 

Brightness  expressed  in  candles  per 
square  centimeter  may  be  reduced  to 
lamberts  by  multiplying  by  7r=3"14. 

Brightness  expressed  in  candles  per 
square  inch  may  be  reduced  to  foot-candle 
brightness  by  multiplying  by  the  factor 
1447r=452. 

Brightness  expressed  in  candles  per 
square  inch  mav  be  reduced  to  lamberts 
by  multiplying'  by   7r/6'45= 0-4868. 

In  practice,  no  surface  obeys  exactly 
Lambert's  cosine  law  of  emission  ;  hence 
the  brightness  of  a  surface  in  lamberts 
is,  in  general,  not  numerically  equal  to 
its  specific  luminous  radiation  in  lumens 
per  square  centimeter. 

Defining  equations  : 
L^^ 
or,  when  unifo:n:i, 

L=.^. 

S 

17.  Coefficient  of  reflection — the  ratio 
of  the  total  luminous  flux  reflected  by  a 
surface  to  the  total  luminous  flux  incident 
upon  it.  It  is  a  simple  numeric.  The 
reflection  from  a  surface  may  be  regular, 
diffuse,  or  mixed.  In  perfect  regular 
reflection,  all  of  the  flux  is  reflected  from 
the  surface  at  an  angle  of  reflection 
equal  to  the  angle  of  incidence.  In  per- 
fect diffuse  reflection  the  flux  is  reflected 
from  the  surface  in  all  directions  in 
accordance  with  Lambert's  cosine  law. 
In  most  practical  cases  there  is  a  super- 
position of  regular  and  diffuse  reflection. 

18.  Coefficient  of  regular  reflection  is  the 

ratio  of  the  luminous  flux  reflected  regu- 
larly to  the  total  incident  flux. 

19.  Coefficient  of  diffuse  reflection  is  the 

ratio    of    the    luminous    flux    reflected 
diffusely  to  the  total  incident  flux. 

Defining  equation  : 

Let  m  be  the  coefficient  of  reflection 
(regular  or  diffuse). 

Then,   for   any   given   portion    of   the 
surface, 

E 


THE  ILLUMINATING  ENGINEER  (oct.   1916) 


311 


20.  Lamp — a  generic  term  for  an  arti- 
ficial source  of  light. 

21.  Primary     luminous     standard — a 

recognised  standard  luminous  source 
reproducible  from  specifications. 

22.  Representative   luminous  standard 

— a  standard  of  luminous  intensity 
adopted  as  the  authoritative  custodian 
of  the  accepted  value  of  the  unit. 

23.  Reference  standard — a  standard 
calibrated  in  terms  of  the  unit  from  either 
a  primary  or  representative  standard  and 
used  for  the  calibration  of  working 
standards. 

24.  Working  standard— any  standard- 
ised luminous  source  for  daily  use  in 
jihotometry. 

25.  Comparison  lamp — a  lamp  of  con- 
stant but  not  necessarily  known  candle- 
power  against  which  a  working  standard 
and  test  lamps  are  successively  compared 
in  a  photometer. 

26.  Test  lamp,  in  a  photometer — a 
lamp  to  be  tested. 

27.  Performance  curve — a  curve  repre- 
senting the  behaviour  of  a  lamp  in  any 
particular  (candlepower,  consumption, 
&c.)  at  different  periods  during  its  life. 

28.  Characteristic  curve — a  curve  ex- 
pressing a  relation  between  two  variable 
properties  of  a  luminous  source,  as  candle- 
power  and  volts,  candlepower  and  rate  of 
fuel  consumption,    &c. 

29.  Horizontal    distribution    curve — a 

polar  curve  representing  the  luminous 
intensity  of  a  lamp,  or  lighting  unit,  in  a 
plane  perpendicular  to  the  axis  of  the 
unit,  and  with  the  unit  at  the  origin. 

30.  Vertical  distribution  curve— a  polar 
curve  representing  the  luminous  intensity 
of  a  lamp,  or  lighting  unit,  in  a  plane 
passing  through  the  axis  of  the  unit  and 
with  the  unit  at  the  origin.  Unless  otlier- 
wise  specified,  a  vertical  distribution 
curve  is  assumed  to  be  an  average  vertical 
distribution  curve,  such  as  may  in 
many  cases  be  obtained  by  rotating  the 
unit  about  its  axis,  and  measuring  the 
average  intensities  at  the  different  eleva- 
tions.    It  is  recommended  that  in  vertical 


distribution  curves,  angles  of  elevation 
shall  be  counted  positively  from  the 
nadir  as  zero,  to  the  zenith  as  180°,  In 
the  case  of  incandescent  lamps,  it  is 
assumed  that  the  vertical  distribution 
curve  is  taken  with  the  tip  downward. 

31.  Mean  horizontal  candlepower  of  a 

lamp — the  average  candlepower  on  the 
horizontal  plane  passing  through  the 
luminous  centre  of  the  lamp. 

It  is  here  assumed  that  the  lamp  (or 
other  light  source)  is  mounted  in  the  usual 
manner,  or,  as  in  the  case  of  an  incandes- 
cent lamp,  with  its  axis  of  symmetry  verti- 
cal. 

32.  Mean  spherical  candlepower  of  a 

lamp — the  average  candlepower  of  a  lamp 
in  all  directions  in  space.  It  is  equal  to 
the  total  luminous  flux  of  the  lamp  in 
lumens  divided  by  4:7r. 

33.  Mean  hemispherical  candlepower  of 

a  lamp  (upper  or  lower) — the  average 
candlepower  of  a  lamp  in  the  hemisphere 
considered.  It  is  equal  to  the  total 
luminous  flux  emitted  by  the  lamp  in 
that  hemisphere  divided  by  2ir. 

34.  Mean  zonal  candlepower  of  a  lamp 
— the  average  candlepower  of  a  lamp  over 
the  givon  zone.  It  is  equal  to  the  total 
luminous  flux  emitted  by  the  lamp  in  that 
zone  divided  by  the  solid  angle  of  the  zone. 

35.  Spherical  reduction  factor  of  a  lamp 
— the  ratio  of  the  mean  spherical  to  the 
mean  horizontal  candlepower  of  the 
lamp.* 

36.  Photometric  tests  in  which  the 
results  are  stated  in  candlepower  should 
be  made  at  such  a  distance  from  the  source 
of  light  that  the  latter  may  be  regarded  as 
practically  a  point.  Where  tests  are 
made  in  the  measurement  of  lamps  with 
reflectors,  or  other  accessories  at  distances 
such  that  the  inverse  square  law  does  not 
apply,  the  results  should  always  be 
given  as  "  apparent  candlepower "  at 
the  distance  employed,  which  distance 
should  always  be  specifically  stated. 

*  In  the  case  of  a  uniform  point-source,  this 
factor  would  be  unity,  and  for  a  straight  cylin- 
drical filament  obeying  the  cosine  law  it  would 
be  TT/i- 
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The  output  of  all  illuminants  should  be 
expressed  in  lumens. 

37.  Illuminants  should  be  rated  upon  a 
lumen  basis  instead  of  a  candlepower 
basis. 

38.  The  specific  output  of  electric  lamps 

should  be  stated  in  terms  of  lumens  per 
watt  and  the  specific  output  of  illuminants 
depending  upon  combustion  should  be 
stated  in  lumens  per  British  thermal 
unit  per  hour.  The  use  of  the  term 
"  efficiency  "  in  this  connection  should  be 
discouraged. 

When  auxiliary  devices  are  necessarily 
employed  in  circuit  with  a  lamp,  the  input 
should  be  taken  to  include  both  that  in  the 
lamp  and  that  in  the  auxiliary  devices. 
For  example,  the  watts  lost  in  the  ballast 
resistance  of  an  arc  lamp  are  properly 
chargeable  to  the  lamp. 

39.  The    specific    consumption    of    an 

electric  lamp  is  its  watt  consumption  per 
lumen.  "  Watts  per  candle  "  is  a  term 
used  commercially  in  connection  with 
electric  incandescent  lamps,  and  denotes 
watts  per  mean  horizontal  candle. 

40.  Life     tests — Electric    incandescent 


lamps  of  a  given  type  may  be  assumed 
to  operate  under  comparable  conditions 
only  when  their  lumens  per  watt  con- 
sumed are  the  same.  Life  test  results, 
in  order  to  be  compared  must  be  either 
conducted  under,  or  reduced  to,  com- 
I^arable  conditions  of  operation. 

41.  In  comparing  different  luminous 
sources,  not  only  should  their  candle- 
power  be  compared,  but  also  their  relative 
form,  brightness,  distribution  of  illumin- 
ation and  character  of  light. 

42.  Lamp  accessories. — A  reflector  is  an 

appliance  the  chief  use  of  which  is  to 
redirect  the  luminous  flux  of  a  lamp  in  a 
desired  direction  or  directions. 

43.  A  shade  is  an  appliance  the  chief  use 
of  which  is  to  diminish  or  to  interrupt  the 
flux  of  a  lamp  in  certain  directions  where 
such  flux  is  not  desirable.  The  function 
of  a  shade  is  commonly  combined  with 
that  of  a  reflector. 

44.  A  globe  is  an  enclosing  appliance 
of  clear  or  diffusing  material  the  chief 
use  of  which  is  either  to  protect  the 
lamp  or  to  diffuse  its  light. 


Photometric  quantity. 


Name  of  unit. 


Symbols  and 

Abbreviation 

defining 

for  name 

equations. 

of  unit. 

F.  *^ 

1 

dii)           dti) 

cp. 

-S4-^ ... 

ph.  fc. 

E< 

phs.  /xphs. 

da  cos  Q 

— 

T-'^ 
^-^ 

— 

,       d\ 

— 

E'  =  7rfc(„  /J' 

— 

E 

1.  Luminous  flux 

2.  Luminous  intensity 

3.  Illumination 

4.  Exposure 

5.  Brightness 

6.  Normal  brightness 


Lumen 
Candle 

Phot,  foot-candle,  lux 

f  Phot-second 

I  Micro  phot-second 

{Apparent  candle  per  sq.  cm. 
Apparent  candle  per  sq.  in. 
Lambert 

j  (Jandles  per  sq.  cm. 
I  Candles  per  sq.  in. 


_£,.«,.  ,.  ,.         (Lumens  per  so.  cm. 

7.  Specific  lummous  radiation    \^^^^^^  \^^^  ,,|,  j,,. 


8.  Coefficient  of  reflection 
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45.  Photometric  Units  and  Abbreviations 

9.  Mean  spherical  candlepower  scp. 

10.  Mean  lower  hemispherical  candlepower    Icp. 

11.  Mean  upper  hemispherical  candlepower  iicp. 

12.  Mean  zonal  candlepower  zcp. 

13.  Mean  horizontal  candlepower  mhcp  . 

14.  1    lumen   is   emitted   by   0-07958   spherical 

candlepower. 

15.  1  spherical  candlepower  emits  12-57  lumens. 

16.  1  lux  =  l  lumen  incident  per  square  meter  = 
0-0001  phot  =0-1  milliphot. 

17.  1  phot=l  lumen  incident  per  square  centi- 
meter  =  10,000  lux  =  l,000  milliphots  = 
1,000,000  raicrophots. 

18.  1  milliphot=0-001  phot =0-929  foot-candle. 

19.  1  foot-candle  =  l  lumen  incident  per  square 
foot=l-076  milliphots  =  10-76  lux. 

20.  1  lambert^l  lumen  emitted  per  square 
centimeter  of  a  perfectly  diffusing  surface. 

21.  1  millilambert =0-001  lambert. 

22.  1  lumen,  emitted,  per  square  foot*  =  1-076 
millilamberts. 


23.  1   millilambert =0-929  lumen,  emitted,  per 
square  foot.* 

24.  1  lambert=0-3183  candle  per  square  centi- 
meter=2-054  candles  per  square  inch. 

25.  1     candle    per    square    centimeter  =  3- 1416 
lamberts. 


26. 


1  candle  per  square  inch: 
486-8  millilamberts. 


=0-4868  lambert  = 


46.  Symbols. — In  view  of  the  fact  that 
the  symbols  heretofore  proposed  by  this 
committee  conflict  in  some  cases  with 
symbols  adopted  for  electric  units  by  the 
International  Electrotechnical  Commis- 
sion, it  is  proposed  that  where  the  possi- 
bility of  any  confusion  exists  in  the  use 
of  electrical  and  photometrical  symbols, 
an  alternative  system  of  symbols  for 
photometrical  quantities  should  be  em- 
ployed. These  should  be  derived  ex- 
clusively from  the  Greek  alphabet,  for 
instance  : — - 


Luminous  intensity 
Luminous  flux    .  . 
Illumination 


*  Perfect  diffusion   assumed. 


JUVENILE  EMPLOYMENT. 

Attention  has  recently  been  drawn 
to  the  admirable  researches  carried  out 
under  the  supervision  of  the  Committee 
on  the  Health  of  Munition  Workers  on 
the  relations  between  hours  of  work  and 
fatigue. 

In  a  recently  issued  Bulletin  (No.  13) 
the  conditions  of  juvenile  labour  in 
factories  is  discussed.  It  is  pointed  out 
that  many  factors  that  have  a  depressing 
effect  on  workers  generally  have  a 
specially  bad  effect  on  children.  Ex- 
pressions of  opinion  of  factory  inspectors 
are  quoted  to  the  effect  that  in  many 
workshops  children  are  being  seriously 
overworked.  Continued  long  hours  give 
rise  to  a  condition  of  general  lassitude, 
dullness,  and  weariness  that  must  have 
a  prejudicial  effect  alike  on  the  work  and 
the  health  of  the  children.  It  is  strongly 
advised  that  in  no  case  should  boys  under 
16  work  for  more  than  60  hours  a  week. 
Eight  hours  of  sleep  are  the  minimum. 

The  seriousness  of  the  matter  lies  in 
the   fact   that   overworking    of   children 


appears  to  be  so  widespread.  If  one  had 
only  to  deal  with  a  few  isolated  cases, 
the  result  of  temporary  pressure,  one 
might  hope  that  a  little  perseverance  on 
the  part  of  inspectors  would  put  things 
right.  But  the  large  number  of  instances 
commented  on  in  the  Report  suggests 
that  many  employers  in  the  country  do 
not  yet  realise  that  these  excessive  hours 
are  uneconomical  and  inhuman. 

Equally  important  is  the  general  care 
of  children  to  whom  the  general  super- 
vision and  guidance  of  older  people  is 
often  essential.  Facilities  for  recreation 
can  do  much  to  prevent  staleness  and 
fatigue.  An  interesting  account  is  given 
of  the  work  of  Boy  Visitors,  who  appear 
to  be  doing  a  most  valuable  work  in 
supervising  the  well-being  of  juvenile 
workers  and  remedying  conditions  that 
may  lead  to  permanent  deterioration  in 
physique. 

The  Committee  is  doing  a  national 
service  in  drawing  public  attention  to  this 
matter,  and  we  hope  they  will  persevere 
in  their  much-needed  educational  cam- 
paign. 


314 


THE  ILLVMIXATINCt  ENGINEER  (oct.  1916) 


I  ill 
^  <  ^ 


<=     «S^ 


.°    2  £  -5 
S    5- 


5  ^ 


X   O 


1)    ._ 
it*     y 


THE  ILLmilNATING  ENGINEER  (uct.   1916) 


315 


A    VISIT    TO    THE    UNIVERSITIES    OF    LEEDS 
AND    SHEFFIELD. 

(An  account  of  a  visit  to  the  Universities  of  Leeds  and  ShefSeld,  and  to  various  factories  in 
these  cities  by  the  Circle  of  Scientific,  Technical  and  Trade.  Journalists,  Oct.  8th — 10th,  1916.) 


In  recent  issues  of  this  journal  reports 
have  been  published  of  discussions  at 
several  meetings  of  the  Circle  of  Scientific, 
Technical,  and  Trade  Journalists,  on  the 
subject  of  Technical  Education  and  In- 
dustrial Research.  Following  these  dis- 
cussions an  invitation  was  given  to 
members  of  the  Circle  and  friends  to  visit 
the  Imperial  College  of  Science  on  May 
31st,  the  object  of  this  visit  being  to 
promote  closer  relations  between  the 
Universities  and  the  scientific  and 
technical  Press,  and  to  assist  the  latter  in 
bringing  about  a  fuller  public  appreciation 
of  the  benefits  of  technical  education  and 
industrial  research. 

The  precedent  of  the  Imperial  College 
of  Science  has  now  been  followed  by  the 
Universities  of  Leeds  and  Sheffield,  who 
invited  the  circle  of  Scientific,  Technical, 
and  Trade  Journalists,  as  the  sectioji 
of  the  Institute  of  Journalists  chiefly 
interested  in  these  matters,  to  visit 
these  two  cities  on  October  8th — 10th. 
Throughout  their  stay  the  visitors  were 
the  guests  of  the  Universities,  and  besides 
hearing  something  of  their  work,  were 
afforded  opportunities  of  seeing  some 
of  the  factories  most  closely  associated 
with  their  educational  programme. 

The   party   consisted   of  : — 

Mr.  F.  Bourne  Newton  J  {Caterer),  Mr. 
H.  Cornish*  (Cons.  Sec.  of  the  Inst,  of 
Journalists  {Scliool  (j/overnment  Clironicle), 
Mr.  A.  T.  Dale  J  (Plumber  and  Decorator), 
Mr.  E.  Davist  {Chemical  Trade  Revieiv 
and  Chemical  Engineer,  &c.),  Mr.  J.  S. 
Dow,J  Mr.  E.  L.  Doddt  {Canadian 
Machinery  and  Manvfactnring  Neirs, 
&c.),  Mr.  L.  Gaster*i  (Chairman  of 
the     Circle     of     Scientific     Tech.     and 


Trade  Journalists,  Illuminating  Engineer), 
Mr.  Gilbert  Wood*J  (Vice-President 
of  the  Inst,  of  Journalists  and  ex- 
Chairman  of  the  London  District,  Archi- 
tect and  Contract  Reporter),  Mr.  J.  L. 
Greaves  t  {Stationenj  World,  &c.),  Mr. 
Hartley  Aspden,*  Mr.  P.  N.  Hasluck*J 
(Treasurer  of  the  Circle  of  Scientific, 
Tech.  and  Trade  Journalists),  Mr.  A.  S. 
Jennings}  {Decorator),  Mr.  F.  Marshallf 
{Power  User,  &c.),  Mr.  A.  J.  Mundella* 
(Chairman  of  the  London  District  of  the 
Inst,  of  Journalists),  Mr.  H.  E.  Philpott 
{Illustrated  Carpenter  and  Builder),  Mr. 
S.  C.  Phillipst  {Paper  Maker,  &c.),  Mr. 
S.  Rentell  {Electricity),  Mr.  M.  Ross 
{Times  Engineering  Supplement),  Mr. 
Chambers  Smith  {Municipal  Engineering 
and  the  Sanitary  Record),  Mr.  G.  Spring- 
field* (Mem.  Executive  Committee  of  the 
Inst,  of  Journalists),  Mr.  J.  Sykes*  (Past- 
President  of  the  Inst,  of  Journalists),  Mr. 
W.  A.  Standringt  {Motor  Cycle,  &c.),  Dr. 
S.  A.  Vasey  {Lancet),  and  Mr.  Sydney 
Waltoji  (Ministry  of  Munitions,  Welfare 
Dept.). 

Mr.  Gilbert  Wood,  Mr.  G.  Springfield, 
and  Mr.  M.  Ross  were  unable  to  be 
present  at  Leeds  and  joined  tlie  ])artv  at 
Sheffield.  Dr.  R.  A.  Gregory  {Nature) 
and  Mr.  Pendred  {Engineer),  while  ex- 
pressing their  interest  in  the  visit,  were 
prevented  hy  editorial  duties  from  being 
present.  Mr.  E.  J.  P.  Eenn  {Hardu-are 
Trade  Journal,  &c.),  Mr.  H.  Val  Fisher 
{Advertising  World),  Mr.  F.  Hinde  (Chair- 
man of  the  Executive  Committee  of  the 
Inst,  of  Journalists),  ^Mr.  Harold  Jeans 
{Iron  and  Coal  Trades  Revieu),  Mr.  T.  C. 
Elder  {Engineering  Review),  and  Mr.  A. 
J.  Meyjes  (Ironmonger)  sent  messages  of 


*  Fellow  of  the  Institute  of  Journal'sts. 

t  Representing  the  British  Association  of  Trade  and  Technical  Journalists. 

j  Member  of  the  Committee  of  Scientific,  Technical,  and  Trade  Journalists. 
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regret  at  being  unable,  at  the  last 
moment,  to  join  the  party,  owing  to 
pressure  of  work. 

Among  others,  the  following  journals 
made  arrangements  to  be  represented 
either  by  members  of  the  party  or 
through  local  representatives  : — Nature, 
The  Engineer,  The  Electrician,  The  Journal 
of  Gas  Lighting,  and  The  Gas  World,  &c. 

The  party  arrived  at  Leeds  on  the  night 
of  October  8th,  and  were  received  at 
the  Queen's  Hotel  by  Mr.  M.  E.  Sadler, 
Vice-Chancellor  of  the  University  of 
Leeds.  A  number  of  local  journalists 
were  present  at  the  reception  and  joined 
in  welcoming  the  visitors,  among  those 
who  spoke  being  Mr.  Phillips  {Yorkshire 
Post),  Mr  J.  Sykes  (Fellow  and  Past- 
President  of  the  Inst,  of  Journalists),  Mr. 
Kenyon  (Yorkshire  Observer),  Mr.  Eaynes 
{Leeds  Weekly  Citizen),  Mr.  Outhwaite 
{Leeds  Mercury),  and  Mr.  Edge  ( Yorkshire 
Herald).  Mr.  L.  Gaster  (Fellow  Inst. 
Jour.,  Chairman  of  the  Circle)  replied  for 
the  visitors. 

Visit  to  Leeds  University. 

On  the  following  morning  the  party 
made  their  way  to  the  University,  where 
they  were  again  joined  by  some  of  the 
local  journalists.  They  were  received 
in  the  Great  Hall  by  Mr.  Sadler,  who 
delivered  a  most  interesting  and  inspiring 
address,  of  which  the  following  is  a 
summary  : — 

Address    by    Mr.    M.    E.    Sadler,    Vice- 
Chancellor  of  Leeds  University. 

It  is  incumbent  upon  aU  Universities 
to  endeavour  to  be  of  service  to  industry. 
Old  and  new  they  face  this  obligation. 
The  ever-increasing  importance  of  in- 
dustry in  modern  life  makes  it  incumbent 
upon  Universities  to  give  a  suitable  train- 
ing to  those  who  intend  to  follow  an 
industrial  career.  The  applications  of 
science  to  industrial  operations  make  it 
natural  and  inevitable  that  there  should 
be  intimate  connection  between  industrial 
needs  and  the  University  Laboratories. 
And  the  importance  of  emphasising  its 
human  side  in  all  industrial  undertakings 
brings  about  a  close  relation  between  the 


factory  and  parts  of  its  University 
courses  (training  in  the  humanities) 
which  to  a  superficial  view  might  seem 
remote. 

The  modern  Universities,  set  in  in- 
dustrial districts  and  drawing  their  under- 
graduates in  great  measure  from  families 
which  are  concerned  in  industrial  enter- 
prise, were  naturally  quick  to  feel  the 
new  obligation.  At  Leeds,  we  have  been 
greatly  helped  by  the  counsels  of  the 
Advisory  Committees,  attached  to  each 
of  our  technological  and  to  some  of  our 
professional  departments.  In  the  study 
of  the  Textile  Industries,  and  of  Colour 
Chemistry  and  Dyeing,  for  example,  in 
the  departments  which  the  University 
owes  to  the  munificence  and  foresight  of 
the  Clothworkers'  Company,  the  Advisory 
Committee,  representative  of  the  business 
experience  of  the  Textile  Trades,  gives  us 
practical  guidance.  The  same  is  true  of  the 
Advisory  Committees  attached  severally 
to  the  Department  of  Coal  Gas  and  Fuel 
Industries  (in  which  the  University  has 
received  most  valuable  assistance  and 
support  from  the  Institution  of  Gas 
Engineers),  to  the  Mining  Department  (in 
connection  with  which  indispensable  help 
has  been  given  by  the  Drapers'  Company 
and  by  the  West  Yorkshire  Coal  Owners' 
Association),  to  the  Department  of  the 
Leather  Industries  (which  is  indebted  to 
the  constant  aid  and  advice  of  the  Leather 
Industries  Federation),  to  the  Depart- 
ment of  Agriculture  (which  is  advised  by 
the  Yorkshire  Council  for  Agricultural 
Education),  and  to  the  Civil,  Mechanical, 
and  Electrical  Engineering  Departments. 
These  Advisory  Committees  report  to  the 
University  Council,  which  is  the  executive 
body  of  the  University.  Their  members 
give  their  services  voluntarily.  Through 
them  the  University  is  kept  in  close 
touch  with  the  practical  and  scientific 
experience  of  the  various  branches  of 
indu.stry.  On  each  Committee,  in  order 
that  there  may  be  interchange  of  view 
and  harmony  of  action,  the  academic 
element  is  sufficiently  represented.  The 
University  Court,  the  supreme  authority, 
is  fully  representative  of  business  as  well 
as  of  academic  experience.  The  aim  is 
to  secure  at  every  point  a  fusion  between 
different  types  of  knowledge  and  a  co- 
ordination of  effort  in  the  furtherance  of 
education  and  of  scientific  research. 
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Thus  representative  of  the  different 
elements  in  the  modern  social  structure, 
the  University  is  by  Charter  autonomous. 
Its  income — about  £70,000  a  year — falls 
into  three  parts.  One-third  comes  from 
endowments  and  fees  ;  a  third  (a  large 
third)  from  Government  grants  received 
from  the  Treasury,  the  Board  of  Educa- 
tion, and  the  Board  of  Agriculture  ;  and 
a  third  (a  small  third)  from  grants  from 
the  County  Councils  of  Yorkshire,  in 
West,  East,  and  North  Eidings,  and  from 
the  County  Boroughs  of  Leeds  and 
Wakefield.  Stability,  progress,  and  a 
sense  of  responsibility  on  the  part  of  the 
University  Authorities  (including  its 
Advisory  Committees)  are  enhanced  by 
this  balance  of  financial  support.  The 
University  is,  and  should  be,  in  very 
intimate  touch  with  the  Government ; 
but  it  would  be  undesirable  for  the 
State  Departments  to  be  the  sole 
source  from  which  the  University  funds 
are  drawn.  Such  an  arrangement  would 
put  too  much  control  in  the  hands  of 
distant  bodies  of  officials  who,  though 
animated  by  a  high  spirit  of  public  service, 
are  somewhat  remote  from  the  ever- 
developing  needs  of  industry  and  not 
omniscient  about  the  requirements  of 
education  and  research.  Similarly  the 
connection  between  the  University  and 
the  Local  Authorities  is  very  intimate. 
They  act  in  close  co-operation,  for  the 
good  of  the  districts  which  they  serve. 
By  personal  interview,  letter,  and  tele- 
phone they  are  in  constant  communica- 
tion. The  work  of  both  is  carefully 
related.  But  it  would  be  inexpedient  if 
the  policy  of  the  University  were  framed 
in  the  absolute  control  of  the  Local 
Authorities  which,  well-informed  of  many 
local  needs,  are  not  necessarily  in  a  posi- 
tion to  judge  what  should  be  done  by  the 
University  in  the  National  and  Imperial 
interest. 

The  effectiveness  of  the  work  of  the 
University  depends  in  the  last  resort 
(granted  adequate  equipment  and  re- 
sources) upon  the  spirit  of  its  personnel. 
This  is  the  vital  thing.  It  must  be  in- 
spired by  a  disinterested  zeal  for  know- 
ledge, for  truth,  and  for  service.  It  must 
combine  deference  to  outside  experience 
with  a  sturdy  independence  of  judgment, 
courage,  and  tact ;  the  concentrated 
passion  for  research  with  the  unselfish- 


ness of  the  teacher  ;  intellectual  ardour 
with  practical  good  sense.  And  it  is 
found  where  all  branches  of  the  Uni- 
versity's work  are  in  some  degree  inter- 
dependent. The  need  for  strengthening  the 
human  side  in  all  individual  effort  makes 
the  humanistic  side  of  the  University 
studies  increasingly  valuable  to  the 
scientific  and  to  the  technological.  The 
reality  of  the  scientific  and  technological 
studies  helps  the  humanities  in  focussing 
its  work  upon  definite  aims  conducive  to 
the  welfare  of  the  community  which  it 
endeavours  to  serve. 

The  visitors  were  then  conducted  over 
the  building  by  the  professors  of  the 
various  departments,  many  of  which  are 
unique.  To  technical  journalists  the 
varied  character  of  several  of  the 
more  technical  departments,  which 
are  closely  related  to  the  industries 
of  Yorkshire,  was  specially  interesting. 
The  School  of  Chemistry  and  Applied 
Chemistry  is  very  widely  known  ;  the 
School  of  Agriculture  is  stated  to  be 
the  largest  but  one  in  the  United  King- 
dom, and  the  Departments  of  Colour 
Chemistry  and  Textile  Industries  are 
regarded  as  the  best  in  Western  Europe. 
All  courses  are  open  equally  to  men  and 


Department  of  Organic  Chemistry. 

The  first  department  visited  was  that 
dealing  with  Organic  Chemistry,  where 
the  party  were  received  bv  Professor 
J.  B.  Cohen,  B.Sc,  Ph.D.,  F.E.S.  This 
department  has  done  useful  service  in 
connection  with  the  war,  especially  in  the 
production  of  many  drugs  hitherto  im- 
ported from  abroad.  Since  the  outbreak 
of  war  a  variety  of  compounds  needed  by 
the  medical  profession  have  been  pre- 
pared and  sent  out  from  the  University, 
including  the  chloramines,  a  cheap  and 
effective  hypochlorite  antiseptic,  and 
novocaine  and  eucaine,  now  largely  em- 
ployed as  local  anaesthetics. 

Leather  Department. 

Passing  on  to  the  Leather  Department, 
the  visitors  were  met  by  Professor  Procter, 
D.Sc,  F.I.C.,  who  explained  some  of  the 
interesting    processes    developed    in    the 
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University  Laboratories.  In  the  ordinary 
course  many  investigations  of  value  to 
the  trade  are  carried  on  ;  there  is  plant 
for  manufacture,  on  a  small  scale,  of  all 
kinds  of  leathers  ;  a  museum  with  an 
extensive  collection  of  raw  materials  and 
products  of  leather  manufacture  ;  and  a 
laboratory  in  which  students  are  trained 
in  the  chemical  methods  employed  in  the 
control  of  processes  and  the  detection  of 
faults.  In  the  bacteriological  laboratory 
culture-media  required  by  the  hospitals 
for  the  isolation  and  detection  of  disease 
germs  are  being  prepared,  and  a  series  of 
special  investigations  are  being  conducted 
for  the  War  Office.  One  object  of  great 
interest  to  tlie  visitors  was  a  machine  by 
which  the  superficial  area  of  any  piece  of 
leather  can  be  measured  in  a  few  seconds, 
and  we  understand  that  this  has  proved 
very  useful  for  checking  deliveries.  Visitors 
were  also  shown  the  research  laboratory 
erected  by  the  leather  industries  of  the 
world  in  recognition  of  Professor  Procter's 
services  to  the  leather  trade,  where  in- 
vestigations are  being  conducted  on 
colloids,  a  class  which  includes 
almost  all  the  raw  materials  of  leather 
manufacture,  and  has  imi)ortant  chemical 
and  physiological  applications. 

DepurtmerU  of  Textile  Tndustries. 

The  party  were  then  shown  over  the 
Department  of  Textile  Industries  by 
Professor  A.  F.  Barker,  M.8c.  ;  all  were 
much  impressed  by  the  excellent  equip- 
ment and  organisation  of  this  section 
of  the  University.  During  the  past 
year  important  researches  have  been 
undertaken  on  the  fabrics  for  airships 
and  aeroplanes,  and  the  clothing  supplied 
to  troops  at  the  Front.  These  included 
a  series  of  tests  on  the  comparative  cost 
and  efficiency  of  British  and  German 
Army  cloths — a  com})arison  which,  we 
were  informed,  fully  justified  the  view 
that  the  British  material  is  superior  and 
less  costly.  Experiments  are  also  in 
progress  on  the  electrification  of  textile 
fibres,  carbonising  and  finishing,  the 
preparation  of  colour  dyestuiTs  for  colour 
sensitisation.  An  investigation  into  the 
growth  and  treatment  of  flax  is  being 
carried  out  by  the  University  at  Selby, 
and  is  closely  associated  with  the  Textile, 
Agricultural;  and  other  Departments. 


Colour  Chemistry  and  Dyeing. 

In  the  Department  of  Colour  Chemistry 
and  Dyeing,  Professor  A.  G.  Perkin, 
F.K.S.,  F.I.C.,  described  some  of  the 
important  work  carried  on  in  relation  to 
the  production  of  dyes,  of  which  this 
country  has  been  in  sore  need  since  war 
broke  out.  British  Dyes,  Ltd.,  have 
secured  a  laboratory  in  the  University 
for  the  use  of  certain  of  their  research 
chemists,  under  the  supervision  of  the 
Professor  of  the  department — a  form  of 
co-operation  between  University  and 
factory  which  cannot  but  be  beneficial. 
Visitors  were  shown  a  great  variety  of 
colour-materials  entirely  prepared  in  this 
country.  Improvements  have  also  been 
effected  in  the  manufacture  of  T.N.T.  and 
picric  acid. 

Departntent  of   Coal    Gas  and  Fuel   In- 
dustries. 

In  another  department  (Coal  Gas  and 
Fuel  Industries)  the  testing  of  coal  gas 
by-products,  such  as  toluene,  required  for 
explosive  works  is  systematically  under- 
taken. This  department  has  also  under- 
taken for  the  Government  the  sampling 
and  testing  of  high  explosives  manu- 
factured in  the  district,  and  this  work 
was  in  progress  on  the  occasion  of  the 
visit.  It  is  of  inter(^st  to  recall  that  the 
Livesey  Professorship,  held  by  the  head 
of  this  department,  was  initiated  as  a 
memorial  to  Sir  George  Livesey,  and  the 
department  is  in  connection  with  an 
Advisory  Committee,  the  members  of 
which  are  nominated  jointly  by  the 
Institution  of  Gas  Engineers,  the  Society 
of  British  Gas  Industries,  and  the  Uni- 
versity. Apparatus  is  provided  for  high 
temperature  measurements,  the  com- 
pression and  liquefaction  of  gases,  furnace 
work  with  high  and  low  pressure  gas 
and  air,   &c. 

The  visitors  were  next  entertained  at 
the  Hotel  Metropole  as  guests  of  the 
Leeds  Luncheon  Club,  when  an  address 
was  given  by  Mr.  H.  A.  L.  Fisher,  M.A., 
LL.D.,  Vice-chancellor  of  Sheffield  Uni- 
versity, on  "  India  and  the  Empire." 
Mr.  A.  J.  Mundella  (Fellow  of  the  Inst,  of 
Journalists  and  Chairman  of  the  London 
District  of  the  Institute)  spoke  on  behalf 
of  the  visitors. 
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Visits  to  Factories. 

The  afternoon  was  devoted  to  visits  to 
the  Leeds  Army  Clothing  Depot,  to  the 
factory  of  Messrs.  L.  Albrecht  and 
Albrecht,  a  large  wholesale  clothing 
factory,  now  engaged  on  the  manufacture 
of  Army  garments  and  cartridge  bags, 
and  the  Cardigan  Boot  Factory,  at  pre- 
sent mainly  occupied  with  orders  for  the 
Russian  and  Italian  armies.  These 
factories  were  selected  in  view  of  the  close 
relation  between  the  processes  of  manu- 
facture and  the  work  of  the  University, 
and  many  of  the  processes  seen  were  of 
great  interest. 

At  five  o'clock  the  party  were  enter- 
tained to  tea  by  the  Lord  Mayor  (Mr. 
Chas.  Lupton),  who  gave  a  short  address 
of  welcome,  in  the  course  of  which  he 
traced  the  development  of  some  of  the 
most  important  industries  of  the  city. 
Mr.  F.  Bourne  Newton  replied  on  behalf 
of  the  visitors,  who  afterwards  left  for 
Sheffield  by  the  Midland  train. 

The  Visit  to  Sheffield. 

On  arrival  at  the  Grand  Hotel,  Sheffield, 
the  party  were  met  by  Mr.  H.  A.  L.  Fisher 
(Vice-Chancellor  of  the  University  of 
Sheffield),  and  by  Professor  Ripper,  Dean 
of  the  Applied  Science  Department,  who 
presided  at  the  evening  meal.  The  local 
Press  was  again  represented,  and  several 
Sheffield  journalists  joined  the  party  in 
their  visit  to  the  University  next  day. 

The  visitors  were  received  at  the 
University  Buildings  (Western  Bank)  by 
the  Vice-Chancellor  and  several  members 
of  the  staff.  The  following  is  a  summary 
of  the  Vice-Chancellor's  address  : — 

Address  by  Mr.  H.  A.  L.  Fislier,  Vice- 
Chancellor  of  the  University  of 
Sheffield. 

I  think  it  may  be  of  some  interest  to 
you  if  I  give  you  a  short  sketch  of  the 
work  of  the  University. 

The  Sheffield  University  is  the  youngest 
of  all  the  British  Universities.  It  is 
11  years  old.  But  although  it  is  the 
youngest  of  the  Universities,  it  started 
from  organisations  which  existed  pre- 
viously. It  was  formed  really  out  of  the 
amalgamation  of  three  educational  in- 
stitutions, the  Firth  College,  for  Arts  and 
Pure  Science,  founded  1879,  the  City 
Technical  School,   founded   1886,   which 


has  become  the  Applied  Science  Depart- 
ment of  the  University  (and  which  you 
are  subsequently  to  visit),  and  the 
Medical  School.  It  was  by  the  amalga- 
mation of  these  three  institutions  that  the 
University  College  of  Sheffield  was  first 
formed ;  and  the  University  College 
subsequently  developed  into  the  Uni- 
versity of  Sheffield.  And  the  fact  of  its 
historical  origin  is  still  seen.  We  have 
here  two  great  blocks  of  buildings,  the 
block  in  which  you  are  seated  at  present, 
the  Department  of  Pure  Science  and 
Arts,  at  Western  Bank,  and  when  we 
have  seen  the  laboratories  here  we  shall 
proceed  down  to  St.  George's  Square, 
where  you  will  visit  the  Department  of 
Applied  Science. 

Now  you  have  in  your  hands  a  memo- 
randum compiled  by  Dr.  Wynne,  the 
Dean  of  our  Faculty  of  Pure  Science, 
which  will  give  you  some  idea  of  the  work 
done  in  our  departments  of  Pure  Science 
in  the  University.  Of  course,  like  all 
other  Universities,  we  have  been  very 
greatly  affected  by  the  war.  Primarily, 
of  course,  it  has  meant  the  depletion  of 
our  male  students.  Then  again,  it  has 
meant  the  carrying  out  of  a  large  number 
of  operations  which  otherwise  it  would 
not  have  occurred  to  us  to  carry  out.  I 
think  that  every  one,  almost  every  one, 
of  the  departments  of  the  University, 
has  in  one  way  or  another  been  affected 
by  the  war.  The  Chemical  Department 
has  been  very  busy  making  anaesthetics 
required  by  the  Army  ;  the  Metallurgical 
Department  has  been  doing  confidential 
work  for  the  Admiralty. 

We  have  been  training  munition 
workers  from  quite  early  in  the  course  of 
the  war,  for  it  became  clear  that  it  was 
desirable  to  increase  the  number  of  such 
workers.  More  than  1,000  persons  liave 
been  trained  in  the  use  of  the  lathe  for 
the  purpose  of  the  armament  works  at 
Sheffield. 

Then  again,  we  have  established  in  the 
University  a  very  successful  Hospital 
Supply  Depot,  not  only  for  the  making  of 
bandages  of  all  kinds  for  the  hospitals, 
but  also  for  the  making  of  crutclies  and 
surgical  instruments,  and  this  Hospital 
Sup|)ly  Depot  has  been  supplying  hos- 
pitals in  England,  in  France,  in  Salonika, 
and  at  Alexandria,  and  has  jiroved  to 
be  of  the  utmost  value. 
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You  will  visit  very  shortly  our  Medical 
Department.  And  I  am  going  to  put 
into  your  hands  a  memorandum  drawn 
up  by  Dr.  Leathes,  our  Professor  of 
Physiology,  and  a  most  eminent 
physiologist,  which  will  give  you  some 
idea  of  the  place  and  the  prospects  of  the 
medical  school  in  Sheffield.  The  medical 
school  is  at  present  a  very  young  school. 
It  is,  I  think  you  will  agree,  admirably 
fitted  up,  so  far  as  its  laboratories  are 
concerned,  and  I  foresee  a  very  great 
future  for  the  medical  school  in  this 
University,  not  only  by  reason  of  the 
excellence  of  the  equipment  we  have  been 
able  to  provide,  but  also  by  reason  of  the 
fact  that  we  have  in  the  Sheffield  Hos- 
pitals a  mass  of  clinical  material  available. 
The  Sheffield  industries  produce  peculiar 
types  of  dust  disease  which  are  well 
worth  the  investigation  of  men  of  science. 
And  we  have  this  great  advantage,  at  any 
rate,  to  start  with,  that  owing  to  the  fact 
that  the  school  is  at  present  somewhat 
short  of  pupils,  the  students  are  able  to 
receive  more  individual  attention  here 
than  is  the  case  in  the  crowded  schools  of 
London  or  Edinburgh.  Further,  the 
school  is  admirably  adapted  for  the  train- 
ing of  women  students  who  have  here 
just  the  same  privileges  as  the  men. 

Now  I  need  hardly  point  out  to  you, 
gentlemen,  who  know  so  much  about  the 
scientific  and  technical  study  of  the  work 
of  the  Universities,  how  important  the 
science  of  chemistry  is  for  the  industries 
of  Sheffield.  It  is  the  basis  of  the  steel 
industry.  And  I  think  it  is  significant 
of  the  close  connection  which  exists  be- 
tween the  industry  and  the  University 
that  only  the  other  day  I  had  an  applica- 
tion from  one  of  the  greatest  of  Sheffield 
steel  firms,  asking  us  whether  we  could 
not  provide  a  compendious  course  in 
inorganic  chemistry  which  would  enable 
the  chemical  laboratories  of  our  great 
city  industries  to  receive  an  almost 
immediate  supply  of  female  labour  suffi- 
ciently trained  to  carry  on  the  work  of 
the  laboratories.  We  have,  of  course, 
responded  to  that  appeal,  and  these 
courses  will  be  instituted. 

Then  again,  we  have  established, 
since  the  war  began,  a  Scientific  Advisory 
Committee  in  the  University  —  a 
Scientific  Advisory  Committee  for  the 
purpose  of  solving  problems  submitted 


to  us  by  manufacturers  of  Sheffield  and 
its  neighbourhood,  and  a  very  large 
number  of  cases  have  come  before  our 
Scientific  Advisory  Committee,  and  have 
been  dealt  with  in  a  satisfactory  manner. 
It  is  sometimes  thought  that  the  war 
has  necessarily  suspended  University 
development.  It  has  done  so  in  some 
directions  in  this  University,  but  we 
have  embarked  upon  a  scheme  during 
the  war  which  is  going  to  be  of  very  great 
value  to  the  country.  We  have  estab- 
lished an  Institute  of  Glass  Technology. 
Now,  gentlemen,  you  probably  know 
that  South  Yorkshire  is  the  seat  of  a  very 
great  part  of  our  national  glass  industry. 
It  is  true  that  it  is  chiefly  the  glass  bottle 
industry,  but  you  will  all  be  aware  that 
Sheffield  is  also  the  home  of  the  silver 
trade,  and  that  silver  and  glass  are 
natural  allies.  And  it  seemed  to  us, 
therefore,  that  the  time  has  come  for  the 
University  to  take  up  the  question  of 
glass  technology,  because,  gentlemen,  it 
is  a  very  striking  fact  that  until  the  war 
there  was  no  scientific  teaching  of  glass 
technology  m  any  one  of  our  technical 
institutions  in  this  country.  Conse- 
quently the  University  took  the  matter 
up,  and  in  view  of  the  strength  of  the 
existing  equipment  in  metallurgical  and 
engineering,  each  of  which  is  a  science 
auxiliary,  with  every  prospect  of  success. 
It  has  received  promise  of  support  from 
the  Yorkshire  Glass  Association.  We 
have  promises  of  support  also  from  the 
Advisory  Committee  of  the  Privy  Council. 
We  have  purchased  a  site  and  we  are  in 
the  course  of  erecting  buildings,  and  we 
hope  that  before  Christmas  the  new  Glass 
Institute  will  have  been  erected,  and 
that  it  will  be  undertaking  important 
optical  problems  for  the  Ministry  of 
Munitions.  We  are  in  close  touch  with 
the  Ministry  of  Munitions,  and  we  have 
therefore  their  full  support  and  en- 
couragement— in  fact,  they  have  com- 
municated to  us  a  considerable  number  of 
urgent  optical  problems  which  they  desire 
us  to  take  in  hand. 

But  we  have  progressed  in  other 
directions.  We  have  founded  a  Lecture- 
ship in  Russian.  And  in  view  not  only 
of  the  existing  connection  between  the 
great  Sheffield  armament  firms  in  Russia, 
but  in  view  also  of  the  prospective  de- 
velopments of  British  industry  in  Russia, 
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it  is  obviously  of  the  greatest  importance 
that  the  knowledge  of  Russian  should  be 
diffused  in  this  country.  Our  Russian 
Lecturer  is  already  at  work,  and  a  very 
considerable  number  of  pupils  have 
come  forward  in  order  to  learn  the 
language. 

At  the  beginning  of  this  war  it  was,  as 
you  are  aware,  a  very  important  function 
of  every  University  to  attempt  to  en- 
lighten the  public  as  to  the  true  causes 
of  the  war  and  as  to  the  necessity  for  a 
great  national  efiort,  and  accordingly  in 
this  University  a  War  Lectures  Com- 
mittee was  established  in  order  to  carry 
out  patriotic  propaganda  and  educational 
propaganda  in  Sheffield  and  its  neigh- 
bourhood. A  large  number  of  lectures 
were  delivered  in  Sheffield  by  eminent 
specialists,  who  were  invited  down  to  the 
University.  And  not  only  were  these 
formal  addresses  given  but  a  consider- 
able number  of  short  addresses,  partly 
of  an  educational  character  and  partly 
of  a  recruiting  character,  were  given  in 
the  town  of  Sheffield  and  in  the  villages 
around  Sheffield,  and  in  the  dinner-hour 
at  the  great  Sheffield  works.  And  I 
believe  that  propaganda  had  a  very 
powerful  effect  in  directing  public  opinion 
in  Sheffield  and  its  neighbourhood  in  the 
right   course. 

Now,  gentlemen,  I  think  perhaps  we 
had  better  proceed  to  the  inspection  of 
some  of  our  laboratories.  I  ought  per- 
haps to  say  that  you  will  observe  a  good 
number  of  class-rooms, at  present  occupied 
by  somewhat  juvenile  persons,  who  are 
not  members  of  the  University,  but  who 
are  members  of  the  City  Training  College, 
an  institution  to  whom  we  have  extended 
our  hospitality,  owing  to  the  fact  that 
their  buildings  have  been  taken  over  for 
the  medical  purposes  of  the  Army. 

Subsequently  a  few  remarks  were  made 
by  Aid.  A.  J.  Hobson,  the  Treasurer  of 
the  University,  who  stated  his  conviction 
of  the  great  value  of  the  work  done  at 
the  University  in  encouraging  the  appli- 
cations of  science  to  industry,  whicli  fullv 
justified  the  previous  expenditure  in- 
curred. He  believed  that  the  Press 
could  exert  a  great  and  valuable  influence 
in  bringing  the  importance  of  tliis  matter 
home  to  the  nation. 


Chemical  and  Medical  Departments. 

The  visitors  then  passed  through  the 
Chemical  and  Medical  Departments  under 
the  guidance  of  the  Dean  of  the  Pure 
Science  Department,  Dr.  Wynne.  One 
excellent  feature  of  these  lecture-rooms 
and  laboratories  is  the  ample  provision 
of  da3"light  and  the  scrupulously  clean 
and  orderly  arrangements.  The  labora- 
tories are  exceptionally  well-equipped 
for  microscopic  and  photographic  work, 
and  the  department  is  also  fortunate  in 
having  the  nucleus  of  a  well-stocked 
museum. 

At  the  conclusion  of  this  part  of  the 
visit  a  few  words  were  said  by  Mr.  Leon 
Gaster,  who  pointed  out  that  part  of  the 
work  carried  on  in  this  department 
appeared  to  be  closely  related  to  that 
undertaken  at  the  Institute  for  the  study 
of  Industrial  Diseases,  under  the  super- 
vision of  Dr.  I.  Devoto,  of  Milan,  which 
he  understood  was  the  first  institution  of 
this  kind  to  be  organised  exclusively  for 
such  researches.  The  Institute  was  sup- 
ported by  the  insurance  companies,  and 
the  money  expended  on  the  study  of  such 
diseases  and  their  prevention  had  been 
most  profitably  employed.  Mr.  Gaster 
also  referred  to  the  important  step  taken 
by  the  University  in  establishing  a  De- 
partment for  the  Study  of  Glass  Tech- 
nology, and  expressed  the  hope  that  it 
would  include  in  its  sj^here  of  action  the 
study  of  illuminating  glassware. 

Engineering  and  Metallurgical  Departmtnt. 

The  party  then  passed  to  the  Engineer- 
ing and  Metallurgical  Departments.  Here 
they  were  addressed  by  Dr.  Ripper,  who 
gave  some  instances  of  the  very  valuable 
special  researches  undertaken  for  various 
Government  Departments  in  connection 
with  the  war.  The  buildings  at  St. 
George's  Square  form  the  headquarters  of 
the  Sheffield  Munitions  of  War  Com- 
mittee, and  the  technical  resources  of 
the  department  have  been  utilised  on  a 
large  scale  by  the  Authorities.  In  ad- 
dition, advice  has  been  given  by  the 
University  on  many  points  that  have 
arisen  since  the  outbreak  of  war  in  con- 
nection with  various  steel  industrial 
operations,  such  as  the  hardening  and 
tinning  of  steel,  ])olishing  of  razors, 
contact    production    of    sulphuric    acid, 
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torsion  testing,  etc.,  while  the  Depart- 
ment of  Geology  has  been  engaged  in 
searching  for  a  substitute  for  the  Belgian 
sand  used  in  glass  manufacture. 

The  visitors  were  conducted  over 
several  of  the  laboratories  where  interest- 
ing testing  and  metallurgical  work  is  in 
operation.  While  steel  and  iron  work 
forms  the  chief  item,  all  the  chief  indus- 
trial operations  in  connection  therewith 
being  reproduced  on  a  small  scale,  a  non- 
ferrous  department  has  recently  been 
added,  and  has  already  done  good  service 
in  experiments  on  the  production  of 
cupro-nickel,  required  in  munition  work. 
The  department  has  specialised  steel 
microphotography.  It  is  stated  that  of 
32  recent  contributions  to  the  micro- 
graphy of  steel,  29  emanated  from  the 
laboratory  of  the  University. 

Visit  to  Factories. 

After  leaving  the  University  a  visit  was 
next  paid  to  the  Atlas  Works  of  Messrs. 
John  Brown  and  Co.  Although  it  was 
naturally  only  possible  to  pass  rapidly 
through  a  small  section  of  the  works,  the 
visitors  were  much  impressed  by  the 
vastness  of  the  operations  carried  on, 
and  the  large  area  covered.  A  short 
time  was  spent  in  the  research  laboratory, 
where  an  account  of  the  work  undertaken 
was  given  by  Dr.  Hatfield,  and  the  party 
were  then  entertained  to  luncheon  by 
the  Directors.  It  had  been  anticipated 
that  the  Master  Cutler  (Mr.  W.  H.  Ellis) 
would  preside,  but  in  his  unavoidable 
absence  in  London  the  chair  was  taken 
by  Mr.  A.  Willis  Dixon,  the  General 
Works  Manager  and  Director.  Among 
others  who  were  present  were  the  Vice- 
Chancellor,  Dr.  Ripper,  and  Alderman 
A.  J.  Hobson. 

Mr.  Dixon  read  some  remarks  that  Mr. 
Ellis  had  prepared  on  the  subject  of  the 
Sheffield  Steel  Industry.  Some  people, 
he  said,  were  too  apt  to  assume  that 
Germany  was  more  diligent  in  applying 
scientific  methods  to  steel  making  than 
we  had  been.  In  some  things  this  might 
be  so,  but,  speaking  generally,  the  im- 
portance of  scientific  method  was  fully 
appreciated  by  the  great  steel  firms  in 
Sheffield  ;    their  managers  were  trained 


men,  and  they  were  constantly  carrying 
out  experiments  and  endeavouring  to 
make  improvements.  Mr.  Dixon  added 
that  Sheffield  was  the  cradle  of  the  steel 
industry.  Of  the  28  great  discoveries 
made  in  the  steel  world,  24  had  come  from 
within  the  British  Empire,  while  Germany 
could  claim  but  one.  Finally,  Mr.  Dixon 
remarked  that  the  firm  were  also  strong 
believers  in  hygienic  and  satisfactory 
working  conditions ;  cleanness  spelled 
efficiency,  and  lofty,  well-ventilated  and 
well-lighted  shops  meant  that  the  working 
man  could  give  a  better  return  for  his 
wages.  On  this  point  working  men  and 
employers  were  in  full  accord. 

Mr.  Gilbert  Wood  (Fellow  Inst.  Jour, 
and  Vice-President  of  the  Inst,  of 
Journalists),  and  Mr.  L.  Gaster  (Fellow 
Inst.  Journ.  and  Chairman  of  the 
Circle),  expressed  the  thanks  of  the 
visitors,  who  were  afterwards  taken 
over  a  part  of  the  shell  factory  of 
Messrs.  Thos.  Firth  and  Sons.  Here 
again  operations  on  a  tremendous  scale 
were  witnessed,  shells  of  every  kind,  both 
for  naval  and  land  work,  being  poured 
out  in  an  endless  stream  from  long  rows 
of  shops  (many  of  them,  it  was  remarked, 
standing  on  what  were  green  fields  only 
a  few  months  ago).  A  feature  of  these 
works  was  the  employment  of  women 
operators,  many  of  whom  were  under- 
taking, in  a  most  workmanlike  manner, 
tasks  which  before  the  war  would  in- 
variably have  been  assigned  to  men. 

The  party  left  Sheffield  by  the  night 
train  for  London,  much  impressed  by  the 
very  active  part  taken  by  the  Universities 
in  ithe  life  of  Leeds  and  Sheffield,  and 
their  intimate  relations  with  the  indus- 
tries of  these  thriving  cities.  Here,  at 
all  events,  the  application  of  science  to 
industry  is  being  seriously  considered 
and  the  preparations  that  are  now  being 
made  should  bear  good  fruit  in  the  future. 

Reference  should  also  be  made  to  the 
co-operation  of  the  local  Press  in  both 
cities,  which,  by  the  presence  of  its 
representatives,  not  only  accorded  its 
welcome  to  the  visitors  but  signified  its 
appreciation  of  the  excellent  work  which 
the  Universities  of  Leeds  and  Sheffield 
are  now  doins;. 
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GAS  AUTHORITIES  AS  SUPPLIERS  OF 
ELECTRICITY. 

An  interesting  paper  on  the  above 
subject  was  read  by  Mr.  J.  W.  Napier  at 
the  annual  meeting  of  the  North  British 
Association  of  Gas  Managers  in  Edin- 
burgh last  September. 

Mr.  Napier,  after  mentioning  cases  in 
which  gas  companies  had  been  granted 
Parliamentary  powers  to  supply  elec- 
tricity (such  as  the  Tottenham  District 
Light,  Heat  and  Power  Co.),  described 
the  conditions  prevailing  in  Alloa,  where 
both  gas  and  electricity  are  supplied  by 
the  Corporation. 

In  the  past,  owing  to  various  un- 
satisfactory conditions,  the  supply  of 
electricity  did  not  ])rove  remunerative, 
the  deficit  in  this  section  being  met  out 
of  the  profits  from  gas  ;  this  was  chiefly 
due  to  the  small  supply  of  electricity  for 
power,  and  in  1910—1914  much  larger 
plant  was  installed,  in  the  form  of  electric 
generators  driven  by  direct  coupled  gas 
engines  supplied  from  a  producer  gas 
plant.  The  system,  representing  an 
arrangement  satisfactory  alike  to  the  gas 
and  electrical  departments,  has  proved 
very  satisfactory  in  practice,  and,  from 
the  standpoint  of  coal-saving,  is  regarded 
as  of  national  importance.  A  scheme  for 
a  producer  gas  plant  of  the  Mond  type, 
with  recovery  })lant,  has  been  now  de- 
cided upon.  This  will  supjjly  gas  to  both 
stations — to  the  gas  works  for  heating 
retorts,  and  to  the  electricity  supply 
station  for  driving  the  gas  engines.  The 
production  of  ammonia  as  a  by-product 
should  thus  be  carried  on  under  efficient 
conditions. 

For  many  years  Alloa  has  enjoyed  an 
exceptionally  low  rate  for  gas  (in  pre-war 
times  2s.  Id.  to  2s.  4d.  for  lighting,  and 
Is.  4d.  to  Is.  lOd.  for  ])ower),  and  tlie  con- 
sumption has  steadily  risen  to  150,000,000 
cubic  feet. 

A  corresponding  improvement    in    tlie 


electrical  side  of  the  business  is  now  to  be 
noted,  the  annual  output  having  in- 
creased from  100,000  units  in  1910  to 
800,000  units  in  1916.  Mr.  Napier  states 
that  there  is  no  collision  of  interests 
in  supplying  both  forms  of  energy. 
"  Consumers  demand  whatever  form  of 
energy  is  most  convenient  and  best 
suited  to  their  requirements,  and  they  are 
supplied  accordingly.  A  showroom  was 
recently  opened  in  which  there  is  ex- 
hibited lighting,  heating,  and  cooking 
apparatus  for  both  gas  and  electricity."' 

In  Mr.  Napier's  opinion  the  view  that 
encouraging  the  supply  of  electricity 
lessens  the  demand  for  gas  is  quite 
incorrect.  The  use  of  gas  is  far  from 
having  reached  its  limit  in  any  city,  and 
the  addition  of  electrical  business  does 
not  mean  that  this  is  abstracted  from  the 
gas  department.  On  the  contrary,  the 
recognition  that  in  certain  cases  electric 
lighting  is  most  convenient  or  electric 
motors  preferable  to  gas  engines,  enables 
business  to  be  added  that  might  not 
otherwise  be  secured,  and,  as  the  Cor- 
poration owns  both  supplies,  there  is  no 
conflict  of  interests. 

Mr.  Napier  concludes  his  paper  as 
follows  : — ■ 

"  From  the  evidence  now  adduced  it 
may  be  fairly  claimed  that  the  co-exist- 
ence of  gas  and  electricity  sup})ly  under 
one  control  is  at  once  a  j)ractical  and 
commercial  proposition.  The  fresli  field 
of  business  will  appeal  chiefly  in  the  case 
of  towns  where  there  is  at  present  no 
electricity  su})ply.  It  is  my  settled  con- 
viction that  what  is  re(|uired  of  the  gas 
industry  of  to-day  is  a  broadening  of  the 
basis  of  its  function  as  supjiliers  of  the 
])ublic  need  for  energy  gas  and  elec- 
tricity. Tliere  is  small  doubt  but  that 
gas  companies,  if  they  do  not  prepare  the 
way,  will  be  met  in  the  near  future  with 
com  petition  where  there  is  no  electricity 
su|)i)ly  at  ])resent.  It  is  a  true  indication 
of  strength  and  vitality  when  an  in- 
dustrial business  can  comprehend  the 
issues  that  lie  in  front  of  it,  and  having 
done  so,  prepare  accordingly."' 
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A  LIGHTING  CODE  IN  PENNSYLVANIA. 

In  a  recent  issue  of  tlie  Lighting  Journal 
(U.S.A.),  Mr.  C.  E.  Clewell  mentions  that 
the  Pennsylvania  Department  of  Labour 
and  Industry  has  adopted  a  Lighting 
Code  for  factories,  mills,  and  other  work- 
places, to  become  operative  on  July 
1st,  1916.  The  adoption  of  this  code 
is  of  special  interest  as  one  of  the  first 
tangible  results  of  the  work  of  the 
American  Illuminating  Engineering 
Society  in  the  United  States,  whose 
"  Code,"  issued  last  year,  is  closely 
followed  in  that  drafted  by  the  Pennsyl- 
vania Industrial  Board.  This  is  stated 
to  be  the  first  occasion  on  which  factory 
lighting  regulations  in  the  United  States 
have  been  based  on  the  intensity  of 
illumination  required  for  various  classes 
of  work.  The  minimum  intensity  for 
five  distinct  classes  of  work  is  given  as 
follows  : — 

Foot-Candles  ox  the  Work. 


Ordinary 

Mini- 

Acceptable 

mum. 

Practice. 

1. 

Roadways    and    yard 

thoroughfares 

0-05 

0-05— 0-2.5 

2. 

Stairways,   passage- 
ways, aisles,  storage 

spaces,  &c. 

0-25 

0-25— 0-50 

3. 

Rough  manufacturing 
operations,    such    as 
foundry  work,  rough 
machining,        rough 
assembling,       rough 

bench  work 

1-25 

1-25—  2-.50 

4. 

Fine       manufacturing 
operations,  such    as 
fine  lathe  work,  pat- 
tern and  tool  making, 
light    coloured    tex- 
tiles, tobacco  manu- 

facture 

3-50 

3-50— G-00 

6. 

Special   cases    of    fine 
work,  such  as  watch- 
making,    engraving, 
drawing,     work     on 

dark  coloured  textiles 

50 

100—1500 

Other  regulations  require  in  general 
terms  that  (1)  glare  either  from  lamps 
or  unduly  bright  surfaces,  producing 
eye-strain,  are  to  be  avoided  ;  (2)  exposed 
bare  lamps  shall  not  be  used  except 
when  they  are  out  of  the  ordinary  line 
of  vision,  and  lamps  should  be  suitably 
fitted  to  minimise  glare  ;  (3)  lamps 
must  also  be  so  arranged  as  to  secure 
good  distribution  of  light  on  the  work 
avoiding  objectionable  shadows  and  sharp 
contrasts  in  intensity ;  (4)  emergency 
lighting  shall  be  provided  in  all  work 
space,  gangways,  stairways,  passage-ways, 
and  exits  ;  such  lights  shall  be  so  arranged 
as  to  insure  their  reliable  operation  when, 
through  accident  or  other  cause,  the 
regular  lighting  is  extinguished ;  (5) 
switching  and  controlling  apparatus  shall 
be  so  placed  that  at  least  pilot  or  night 
lights  may  be  turned  on  from  the  main 
point  of  entrance. 

In  the  course  of  the  article  an  abstract 
of  the  chief  recommendations  of  the 
Report  issued  by  the  Home  Office  De- 
partmental Committee  in  this  country  is 
also  given.  The  conclusions  embodied 
in  this  Report  are  in  good  general  agree- 
ment with  the  requirements  now  being 
framed  in  the  United  States,  and  it  is 
evident  that  the  movement  towards 
better  industrial  illumination  is  making 
steady  progress  in  both  countries. 

The  American  Machinist,  in  congratu- 
lating Pennsylvania  on  taking  the  initia- 
tive in  making  provisions  for  the  adequate 
lighting  of  factories,  remarks  that  in 
regulations  of  this  kind  where  pioneering 
work  is  involved,  the  rulings  must  not 
be  looked  upon  as  final,  but  as  representing 
what  may  be  expected  in  the  present 
state  of  illuminating  engineering.  No 
doubt  they  will  require  modification 
in  course  of  time.  Meantime  it  is  of 
interest  to  ask,"  What  State  will  be  next?' 
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LIGHTING     OF    VEHICLES. 


NEW  ORDER  UNDER  THE  DEFENCE  OF  THE  REALM  ACT. 


An  Order  under  the  Defence  of  the  Realm 
Act  (No.  713,  1916),  relating  to  the 
lighting  of  vehicles  in  places  outside  the 
Metropolitan  and  City  of  London  Police 
Districts,  was  issued  on  October  6th. 

Part  I.  directs  that  every  vehicle  on 
any  street,  highway,  or  road  to  which  the 
public  have  access  must,  between  half- 
an-hour  after  sunset  and  half-an-hour 
before  sunrise  carry  lamps  as  follows  : — 

(a)  At  the  front,  a  lamp  or  lamps  displaj-ing 
to  the  front  a  white  light.  Except  in  the  caso 
of  a  bicycle  or  tricycle  (other  than  a  motor 
tricycle)  one  such  lamp  must  be  placed  on  the 
extreme  off  or  right-hand  side  of  the  vehicle  :  if 
a  second  lamp  is  carried  it  must  be  placed  in  the 
corresponding  position  on  the  extreme  near  or 
left-hand  side  of  the  vehicle  ;   and 

(b)  At  the  rear,  a  lamp  displaying  to  the  rear 
a  red  light.  The  lam])  carried  for  this  puri)osc 
on  any  vehicle  other  than  a  bicycle  or  tricycle 
must  be  placed  on  the  off  or  right-hand  side  of 
the  vehicle. 

Hand  carts  and  wheeled  bicycles  (near 
the  edge  of  the  roadway)  need  only  carry 
a  white  light  to  the  front  and  a  red  light 
to  the  rear. 

On  and  after  January  1st,  1917,  two 
lamps  displaying  to  the  front  a  white  light 
must  be  carried  on  all  vehicles  (except 
bicycles  and  tricycles). 

Lamj)s  must  be  propnly  (liiiiiiu'd, 
lighted,  and  attached  so  that  the  light 
from  each  lamp  is  visible  in  tlie  pre- 
scribed direction  for  a  reasonable  distance 
without  obstruction. 

Part  II.  requires  that  headlights  on 
tramcars  must  not  be  of  a  greater  bright- 


ness than  is  necessary  for  the  public 
safety,  and  the  inside  lights  of  tramcars 
and  omnibuses  must  be  reduced,  shaded, 
or  obscured  so  that  no  more  light  is  used 
than  is  necessary  to  enable  fares  to  be 
collected,  and  the  light  is  prevented,  so 
far  as  practicable,  from  being  visible  from 
outside. 

The  following  specific  restrictions  re- 
lating to  the  headlights  of  vehicles  and 
motor-cars  are  of  special  interest : — 

1.  The  use  of  headlamps  on  motor  cars  is 
]irohibited  and  not  more  than  two  lamps  showing 
a  light  to  the  front  may  be  used  on  any  vehicle, 
except  that  headlamps  not  exceeding  two  in 
number  may  be  used  in  addition  to  the  side- 
lamps  carried  in  compliance  with  Part  I.  of  this 
Order,  if  the  sidelamps  burn  only  candle  or  oil 
and  have  not  lens  fronts.  All  such  headlamps 
must  comply  with  the  later  requirements  of  this 
Order. 

2.  In  electric  lamps  the  bulb  must  not  exceed 
12  watts,  or  give  in  use  a  greater  candlepower 
than  the  12-watt  (12  nominal  candlepower)  bulb 
as  standardised  for  sidelights  by  the  Kngineering 
•Standards  Committee  (Report  No.  69). 

3.  In  acetylene  lamps  the  burner  must  not 
consume  more  than  14  litres  (\  cubic  foot)  per 
hour. 

4.  In  oil  lamps  only  one  burner  may  be  used  : 
the  wick  must  not  exceed  three-quarters  of  an 
inch  in  width. 

.").  In  electric  and  acetylene  lamps  the 
diameter  or  longer  side  of  the  front  glass,  arcord- 
ing  as  it  is  circular  or  rectangular,  must  not 
exceed  6  inches,  or  the  front  glass  must  be 
permanently  obscured  so  that  no  light  can  pass 
except  through  a  central  portion  which  does  not 
exceed  41  inches  in  diameter. 

6.  The  front  glasses  of  (1)  all  electric  and 
acetylene  lamps,  and  (2)  lamps  burning  candle  or 
oil  with  lens  fronts,  must  be  obscured — 
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(a)  In  electric  lamps,  with  at  least  one  thick- 
ness of  ordinary  white  tissue  paper  ; 

(b)  In  acetylene  lamps  and  in  candle  and  oil 
lamps  to  which  this  paragraph  applies,  with  at 
least  one  thickness  of  ordinary  white  tissue 
paper  or  with  paint,  ground  glass,  or  a  disc  of 
some  other  uncoloured  material  so  that  the 
obscuring  effect  produced  is  not  less  than  that 
of  one  thickness  of  ordinary  white  tissue  paper. 

The  paper,  paint,  or  disc  must  cover  the  whole 
of  the  portion  of  the  front  glass  through  which 
light  can  pass  and  must  not  be  wetted,  oiled, 
varnished,  or  treated  in  any  other  way  so  as  to 
increase  its  transparency. 

Side  panels  of  electric  and  acetylene  lamps, 
except  small  red  or  green  side  panels,  must  be 
covered  over  with  some  completely  opaque 
material.  This  paragraph  shall  not  apply  to 
the  lamp  displaying  a  red  light  carried  at  the 
rear  of  a  vehicle. 

In  Part  III.  the  following  fiu-tlier  re- 
strictions on  the  use  of  lights  on  vehicles 
have  efEect  in  certain  cities,  boroughs,  and 
districts  (a  list  of  which  is  given)  : — 

1.  Headlamps  on  motor  cars  must  not  be 
used,  and  all  other  lamps  to  which  paragraph  6 
of  Part  II.  of  this  Order  applies  must  be  further 
obscured  with  a  cap  or  disc*  constructed  and 
attached  as  follows  : — 

(a)  The  cap  or  disc  must  be  made  of  com- 
pletely opaque  material,  must  fit  near  to  the 
front  glass  of  the  lamp  and  must  cover  it  so  as 
to  prevent  the  passage  of  light  except  through 
the  apertures  cut  as  pro\'ided  in  paragraph  1  (b) 
below. 

(b)  The  apertures  must  be  circular,  half  an 
inch  in  diameter  ;  they  must  be  six  in  number 
and  spaced  approximately  evenly  round  the 
disc  so  that  no  portion  of  any  of  the  apertures 
is  nearer  the  centre  of  the  disc  than  one-quarter 
the  diameter  of  the  effective  front  of  the  lamp, 
if  it  is  circular,  or  one-quarter  the  longer  side, 
if  it  is  rectangular. 

2.  The  reflectors  of  all  other  lamps  burning 
candle  or  oil  which  are  provided  with  a  reflector 
and  have  a  front  glass  exceeding  3  inches  in 
diameter,  must  be  covered  with  some  non- 
reflecting  material,  in  lieu  of  using  the  cap  or 
disc  described  in  paragraph  1. 

It  is  to  be  noted  that  Parts  II.  and  III. 

in   this  Order  are  not  to  apply  to  the 

*  This  cap  or  disc  is  illustrated  in  a  sketch  in 
the  Second  Schedule  to  this  Order. 


lamps  used  on  any  fire  brigade  vehicle 
when  such  a  vehicle  is  actually  pro- 
ceeding to  a  fire. 

CATTLE  DROVERS  TO  CARRY 
LIGHTS. 

We  notice  that  in  a  further  Order, 
under  the  Defence  of  the  Realm  Act 
it  is  stated  that  on  and  after 
October  22nd,  any  persons  driving  or 
leading  horses,  cattle,  sheep,  &c.,  along 
public  thoroughfares  during  the  period 
between  half-an-hour  after  sunset  and 
half-an-hour  before  sunrise,  must  carry  a 
lamp  showing  a  white  light  to  front  and 
rear.  Where  there  are  not  more  than 
four  animals  the  light  is  to  be  carried  by 
the  persoii  leading  them.  If  there  are 
more  than  twenty  head  of  cattle  or  more 
than  one  hundred  sheep,  goats,  &c.,  a 
second  lamp  must  be  provided. 

PROBABLE  INCREASE  IN  PUBLIC 
LIGHTING  IN  EDINBURGH. 

We  understand  that  a  series  of  experi- 
ments has  been  made  in  Edinburgh  with 
a  view  to  improving  the  public  lighting, 
so  as  to  comply  with  the  requirements  of 
the  Authorities,  and  make  better  pro- 
vision against  possible  dangers  and 
accidents.  The  experiments  are  in  the 
direction  of  using  low  candlepower  lamps 
at  frequent  intervals,  either  100  c.jj. 
lamps  on  alternate  lamps  or  50  c.p.  lamps 
on  all  of  them.  The  latter  arrangement 
which  gives  an  illumination  which, 
though  weak  as  compared  with  that  pre- 
vailing in  pre-war  days,  is  continuous 
from  lamp  to  lamp,  seems  preferable.  It 
is  hoped  that  the  Authorities  will  accept 
the  view  that  this  degree  of  increase  can 
be  granted  with  safety. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

—•  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  Included  Information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


EMERGENCY    LIGHTING     ON     BOARD 
SHIP. 

With  reference  to  the  article  that 
appeared  in  our  last  i.ssue  on  "  Ilkimina- 
tion  in  the  Navy  "  (p-  281),  our  attention 
i.s  drawn  to  the  question  of  emergency 
hghting  circuits. 

We  are  informed  that  in  view  of  the 
new  requirements  of  the  International 
Shipping  Association  a  special  Automatic 
Emergency  Lighting  Plant  has  been 
designed  by  Me.ssrs.  R.  A.  Lister  and  Co., 
Ltd.  (known  as  the  "  S.O.S.  Listor- 
Bruston  ").  The  special  features  claimed 
for  this  plant  are  : — 

(1)  The  automatic  starting  immed- 
iately the  main  ship's  supply  falls  below 
a  predetermined  point. 

(2)  Automatic  daily  testing.  Tlic 
plant  starting  up  at  any  predetermined 
time,  and  running  for  any  period  that 
may  be  desired,  at  the  end  of  which  it 
automatically  stops. 

(3)  Should  the  plant  bo  out  of  working 
order  or  the  ciigim"  not  be  running  up 
to  its  projier  speed  a  red  lamp  lights 
up  in  any  part  of  the  vessel  where  it  may 
be  required  ;  or  an  audible  indication  can 
be  arranged. 

(4)  An  automatic  cluuige-ovcr-switch 
is  fitted  on  the  switchboard  and  any 
circuits  may  be  connected  to  the  emer- 
gency lighting  system  and  automatically 


changed  over  from  the  main  ship's  .supply 
when  the  automatic  set  starts  up. 

In  addition  there  is  the  advantage 
claimed  generally  for  all  Lister-Bruston 
plant,  that  only  a  very  small  battery 
outfit  is  needed  ;  this  is  an  important 
consideration   on  board  ship. 


AV'e  are  informed  that  INIessrs.  Pass  and 
Seymovir  (of  Syracuse,  N.Y.,  U.S.A.) 
have  iDade  arrangements  with  Messrs. 
The  Benjamin  Electric,  Ltd.  (in  Rosebery 
Avenue,  London,  E.C.),  to  represent 
them  in  the  .sale  of  P.  &  S.  Handy 
Electrical  Wiring  Devices  for  England, 
Ireland,   Scotland,  and  AVales. 

Some  of  these  special  devices,  including 
ilvd  Shurlock  Socket,  are  described  in  an 
attracti\e  booklet  issued  h\  INIessrs.  Pass 
and  Seymour,  of  which  full  i)articulars 
can  be  had  on  ajjplicat  ion  to  Benjamin 
Electric.  Ltd. 


Imperial  Light,  Ltd.,  arc  issuing  ii  leaflet 
descriptive  of  llie  '"  imperial  '"  Elare 
and  Hanil  tramps  in  various  j)ortable 
jjatterns.  Wo  luiderstand  thai  since 
the  outbrealc  of  war  there  lias  been  an 
enoi'mous  tlemand  for  such  portable 
acetylene  lamps  which,  besides  being 
useful  for  many  industrial  uses  at  home, 
have  many  military  applications. 
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PUBLICATIONS    RECEIVED. 

Can  you  believe  your  eyes  ?  {address  at  the 
opening  of  the  Course  in  Physiology  in 
the   University  of  Manchester)  ;  Health, 
Fatigue    and     Repose     {Lady     Priestly 
Memorial  Lecture  delivered  in  London, 
Nov.     21th,     1913)  ;      Curiosities     and 
Defects  of  Sight  {Lecture  delivered  before 
the  British  Association,  1915). 
The  above  are  a  series  of  lectures  delivered 
at  various  times  bj'  Dr.  William  Stirling, 
Professor    of    Physiology    and    Histology' 
in    the    University    of    INIanchester,    and 
now  reprinted  in  booklet  form.     Many  of 
the  curiosities  of  sight  described  are  very 
interesting   and   are   illustrated   by   some 
ingenious     devices.       Professor     Stirling 
discusses  the  production  of  mental  and 
muscular    fatigue,  and  mentions    several 
forms  of  apparatus  (such  as  the  "  ergo- 
graph")  by  which  it  can  be  tested.     In 
these  days  when  conditions  in  factories 
are    being    so    closely    studied,    the    dis- 
semination   of    such    information    in    a 
popular   and   readable   form   is   a   useful 
service. 


TJie  Stability  of  Vulcanised  Rubber  and  the 
Optimum  Cure  ;  the  Function  of 
Litharge  in  the  vulcanisation  of  Rubber 
by  Henry  P.  Stevens  {reprinted  from  the 
Journal  of  the  Society  of  Cheyyiical 
Industry). 


PERSONAL. 

We  are  informed  that  Lieut.  A.  R. 
Coiui;enay,  imtil  recently  acting-manager 
of  the  Publicity  Department  of  the 
General  Electric  Co.,  Ltd.,  has  been 
promoted  to  full  lieutenant,  after  nearly 
nine  months'  service  in  Egypt  and 
Salonica.  He  was  invalided  home  with 
dysentry,  but  we  are  glad  to  hear  that  he 
is  now  once  more  in  good  health. 

Lieut.  Courtenay  was  well  known  in 
the  electro- journalistic  sphere,  and  the 
above  will  be  %velcome  news  to  his  many 
friends. 


Transactions  of  the  Illuminating  Engineer- 
ing Society  {Edison  Decennial  Number, 
August  30th,   1916). 

This  number  is  a  particularly  attractive 
one,  a  feature  being  the  series  of  colour- 
reproductions,  illustrating  the  novel 
lighting  arrangements  at  the  Panama- 
Pacific  Exhibition.  Wliile  in  the  present 
circumstances  decorative  lighting  is 
naturally  receiving  little  attention  in  this 
country,  the  novel  and  interesting  methods 
now  being  introduced  in  the  L'nited 
States  should  not  be  entirely  lost  sight  of  ; 
they  may  fiuriish  us  with  some  usefid 
hints  for  the  future. 

Another  featui-e  is  the  Address  of 
^^'elcome  addressed  to  Mr.  Thomas  Alva 
Edison,  on  the  occasion  of  his  being 
created  an  Honorary  Member  of  the 
Illuminating  Engineering  Society,  U.S.A. 
The  number  is  also  of  interest  as  marking 
the  Tenth  Anniversarj-  of  the  Society's 
existence. 


Assets  exceed 
£2,500,000. 


Claims  paid 
over  £8,500,000. 


By  Appointment. 


GENERAL 

Accident  Fire  and  Life 

ASSURANCE    CORPORATION,   Ltd. 

General    Buildings,  Perth,  Scotland. 
General  Buildings,  Aldwych,  London. 

Established  1&S.5. 


WAR    ECONOMY. 


In  consequence  of  the  War,  the  cost  of 
building  material  and  labour  has  increased 
nearly  50  per  cent.  All  owners  of  property- 
should  therefore  increase  their  Fire  Insur- 
ances ;  this  they  can  do  at  little  or  no 
extra  cost  by  taking  a  Fire  Bonus  Policy 
with  this  Corporation,  and  thus  effect  a 
saving  of  20  per  cent,    of  each    premium. 

Particulars  on  receipt  Oj   post  card  at 
either  of  the  above  Offices. 

F.  XORIE-MILLER,  J.P. 

General  Manager. 
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COUPON    INSURANCE    TICKET 

Applicable  only  within  the  United  Kingdom. 

GENERAL 

ACCIDENT    FIRE     AND     LIFE 

ASSURANCES     CORPORATION,     I^TD., 

Chief  Offices— 

GENERAL  BUILDINGS,    PERTH.  SCOTLAND. 

GENERAL   BUILDINGS,  ALDWYCH.   LONDON.   W.C. 

F.   NORIE-MILLER.  J. P..  General  Manager, 

To  whom  Notice  of  Claims  under  the  following  conditions  must  be  sent  within 
seven  days  of  accident. 


OORA  TWO  HUNDRED  AND  PTKTY  POUNDS  will  be  paid  by  the  above  Corporation  to 
Mu[j\j  the  legal  personal  representatives  of  any  person  who  is  killed  by  an  accident  causing 
material  damage  to  the  passenger  train  in  which  the  deceased  was  travelling  as  a  ticket 
bearing  or  paying  passenger,  or  who  shall  have  been  fatally  injured  thereby,  should  death  result 
within  one  calendar  month  after  such  accident.  Provided  that  the  person  so  killed  or  injured 
had  upon  his  or  her  person,  or  had  left  at  home  this  coupon,  with  his  or  her  usual  signature, 
written  prior  to  the  accident,  in  the  space  provided  below,  which,  together  with  the  giving  of 
notice  within  seven  days  to  the  above  Corporation  is  the  essence  of  tliis  contract. 

This  Insurance  only  applies  to  persons  over  Hand  under  65  years  of  age,  is  subject  to  the 
conditions  stated  above  and  contained  in  the  General  Accident  Fire  and  Life  Assurance  Corpora- 
tion Act,  1907,  and  holds  good  for  the  current  month  of  issue  only. 

No  person  can  recover  under  more  than  one  Coupon  Ticket  in  respect  of  the  same  risk. 

Signature  

This  Coupon  must  not  be  cut  out  but  left  intact  in  The  Illuminating  Engineer  as  that, 
being  dated,  forms  the  only  evidence  of  its  currency. 
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LANTERNS     AND     REFLECTORS     FOR 
INDUSTRIAL  LIGHTING. 

An  attractive  leaflet  issued  by  the 
Wardle  Engineering  Co.,  Ltd.  (196  Deans- 
gate,  Manchester),  illustrates  the  import- 
ance of  good  industrial  lighting.  Sketches 
are  presented  showing  that  the  use  of 
appropriate  units  for  lighting  desks, 
docks  and  wharves,  over  travelling 
cranes,  &c.,  and  attention  is  drawn  to 
the  importance  attached  to  factory 
lighting  by  the  Government,  as  an 
indication  that  this  matter  deserves 
earnest  study  at  the  hands  of  manufac- 
turers. 

Among  the  advantages  claimed  for 
scientific  light  control  are  : — Less  danger  ; 
less  fatigue  for  workers  ;  happier  work- 
people ;  better  work ;  gi'eater  production ; 
less  cost  for  ourrent  ;   greater  profits. 


A  booklet  issued  by  Engineering  and 
Arc  Lamps,  Ltd.  (Sphere  Works,  St. 
Albans,  Herts),  also  deserves  notice. 
A  number  of  special  fittings  for  use  with 
half -watt  lamps  are  shown,  among  them 
being  several  (the  "  Britannia,"  "  Clyde," 
&c.)  which  seem  particularly  adapted  to 
industrial  lighting.  In  our  last  niunber 
we  mentioned  a  similar  line  of  fittings 
brought  out  by  Crompton  and  Co.,  and 
we  are  glad  to  see  that  the  design  of  half 
suitable  lanterns  and  reflectors  for  half, 
watt  lamps  is  now  being  taken  up  very 
generally  by  manufacturers  of  electric 
lighting  appliances. 

Another  novelty  brought  out  by 
Engineering  and  Arc  Lamps,  Ltd.,  is  the 
"Xevaknot"  adaptor,  which,  as  its  name 
implies,  is  claimed  to  prevent  incon- 
venient twisting,  knotting  and  tangling 
of  flexible  wires. 


SHADED  LIGHTS. 

In  view  of  the  demand  for  proper 
shading  devices  in  order  to  comply  with 
the  Lighting  Regulations  it  is  of  interest 
to  notice  that  special  metal  reflectors  for 
this  purpose  are  being  suppUed  by 
A.  E.  Podmore  and  Co.  (34  Charles  Street, 
Hatton  Garden,  E.C.). 

At  the  present  time  there  is  undoubtedly 
a  need  for  workmanlike  metal  shades  of 
this  kind  for  gas  lamps.  Makeshift 
devices  of  paper  and  cardboard  give 
unsatisfactory  lighting  conditions  and  are 
sometimes  actually  dangerous.  The 
reflectors  in  question  have  a  pohshed 
interior  sm-face  and  serve  the  double 
purpose  of  screening  the  lights  and 
directing  the  rays  inwards  where  they  are 
chieflv  needed. 


AMERICAN      ASSOCIATION      OF      GAS 
INDUSTRIES. 

We  notice  that,  according  to  the  Gas 
Age,  a  new  organisation.  The  Association 
of  American  Gas  Industries,  is  coming 
into  existence  in  the  United  States. 
Among  the  objects  of  the  new  Association 
are  the  establishment  of  more  reasonable, 
equitable  and  uniform  contract  condi- 
tions between  its  members  and  the 
Corporations  that  pm-chase  their  product, 
and  the  promotion  of  a  higher  apprecia- 
tion on  the  part  of  Corporations  of  the 
value  of  the  services  rendered  by  its 
members. 


We  are  informed  that  Mr.  F.  J.  Roden 

has  resigned  his  position  as  Director  of 
The  Electrical  Supplies  Co.,  and  that  for 
the  present  the  direction  and  control 
of  the  business  will  be  vested  in  the 
Managing  Director,  Mr.  E.  C.  Bemauj 
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EDITORIAL. 

Welfare  Work  in  Factories. 

In  this  issue  we  are  reproducing  (pp.  341-352)  the  inspiring  Paper  on 
"  The  Human  Element  in  Factories  "  read  by  Mr.  B.  S.  Rowntrec,  Director 
of  the  Welfare  Department  of  the  Ministry  of  Munitions  of  War,  at  the 
last  meeting  of  the  Circle  of  Scientific,  Technical,  and  Trade  Journalists, 
together  with  the  ensuing  discussion. 

Apart  from  its  general  interest  and  extreme  importance  at  the  present 
moment,  this  discussion  should  be  of  special  interest  to  many  of  our  readers, 
in  view  of  its  close  relation  with  much  of  the  work  done  in  connection  with 
illuminating  engineering.  Mr.  Rowntree  points  out  that  it  is  impossible 
for  men  to  do  their  best  work  if  the  conditions  in  factories  arc  unsuitable, 
if  the  hours  of  work  are  excessive,  if  workers  do  not  receive  sufficient  nourish- 
ing food,  and  if  the  rooms  in  which  they  work  are  insufficiently  heated, 
poorly  lighted,  or  badly  ventilated.     Welfare  work,  which  ensures  that  the 
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needs  of  the  workers  receive  proper  consideration,  is  therefore  thoroughly 
justified  from  the  economic  as  well  as  the  humanitarian  standpoint. 

Now  this  is  exactly  the  Une  of  argument  pursued  from  the  very  com- 
mencement of  the  illuminating  engineering  movement  in  this  country. 
The  essential  idea  underlying  our  propaganda  has  been  that  illumination 
should  be  considered  on  its  merits  as  a  necessity  in  modern  life,  and  that 
the  relatively  small  expenditure  involved  in  lighting  a  room  properly  was 
amply  repaid  by  the  greater  comfort  and  convenience  secured.  The  public 
service  to  be  done  in  this  direction  was  aptly  expressed  in  the  closing 
sentences  of  the  late  Professor  Thompson,  in  his  Inaugural  Address  to  the 
Society  in  November,  1909,  when  he  said  ; — 

"  I  trust,  therefore,  that  before  long  our  Society  will  become  generally  recognisea  as 
one  of  public  utility,  having  a  real  purpose  to  fulfil.  .  .  .  Meanwhile,  we  have  an 
immediate  and  direct  function  to  discharge  in  the  collection,  discussion,  and  dissemination 
of  knowledge  ;  and  in  arousing  the  interest  of  the  public  and  of  public  bodies  to  the  economic 
and  social  importance  of  the  questions  for  which  we  are  now  united  to  form  a  Society." 

In  the  case  of  industrial  lighting  the  influence  of  illumination  is 
specially  evident.  It  has  been  shown  that  insufficient  or  badly  arranged 
Ughting  is  a  cause  of  spoiled  work,  leads  to  fatigue,  and  tends  to  increase 
accidents.  This  view  was  endorsed  in  the  Report  of  the  Departmental 
Committee  on  Accidents  in  Factories,  and  confirmed  in  the  subsequent 
investigations  forming  the  Report  of  the  Departmental  Committee  on 
Lighting  in  Factories  and  Workshops  which  reported  last  year.  The  con- 
clusions of  this  Report  were  again  endorsed  in  the  bulletins  issued  by  the 
Committee  on  the  Health  of  Munition  Workers. 

The  recognition  of  these  facts  has  come  about  mainly  by  slow  and 
painstaking  work,  involving  the  utilisation  of  the  best  channels  for  moulding 
public  opinion,  b\'  concerted  action,  wherever  possible,  with  associations 
and  societies  interested  in  any  particular  aspect  of  lighting,  and  by  securing 
the  sympathetic  co-operation  of  the  scientific  and  technical  Press. 

The  aims  of  illuminating  engineering  are  closely  related  to  those  of 
welfare  work,  of  which  the  lighting  of  factories  forms  an  essential  section. 
We  are  therefore  justified  in  assuming  that  much  of  the  experience  gained 
in  connection  ^\ith  illuminating  engineering  will  apply  to  the  broader  aspects 
of  welfare  work,  and  that  similar  methods  will  have  to  be  pursued  in  order 
to  gain  the  interest  and  support  of  the  general  public. 

Mr.  Rowntree's  highly  appreciated  paper  before  the  Circle  furnished 
one  illustration  of  the  kind  of  propaganda  work  that  is  needed.  It  is 
essential,  in  the  first  place,  to  interest  employers  throughout  the  country 
in  the  movement.  And  when  this  stage  has  been  reached  we  are  still  at 
the  beginning  of  what  needs  to  be  done.  Welfare  work  is  itself  in  a  state 
of  flux.  Those  engaged  in  it  are  constantly  discovering  new  possibilities 
and  new  outlets  for  their  energy.  Each  experiment  should  be  recorded, 
and  the  results  of  each  innovation  noted  for  future  use.  We  hope,  therefore, 
that  those  associated  with  the  movement  will  see  to  it  that  information 
regarding  each  development  is  made  widely  known  to  the  Press,  in  order 
that  they  can  be  kept  informed  of  all  its  ramifications,  and  bring  them  in 
suitable  form  before  employers  interested  in  their  application. 

The  good  seed  thus  sown  will  bear  good  fruit  in  time  to  come,  and  it 
is  our  hope  that  in  this  respect  good  will  come  even  out  of  the  present 
terrible  conflict,  and  that  a  more  cordial  relation  \\ill  gradually  be  established 
between  employer  and  employee. 
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Scientific  and  Industrial  Research  in  Australia. 

Readers  will  recall  that  at  a  meeting  of  the  Circle  of  Scientific,  Technical, 
and  Trade  Journalists,  on  May  16th,  an  address  was  given  by  Mr.  Gerald 
Lightfoot  on  the  Scheme  for  a  Federal  Institute  of  Science  and  Industry 
in  Australia. 

Through  the  courtesy  of  Mr.  Lightfoot  we  have  since  received  a  series 
of  Reports,  issued  by  the  Executive  Committee  in  charge  of  this  scheme, 
which  show  that  the  Commonwealth  Government  is  already  taking  active 
steps  towards  the  practical  realisation  of  the  aims  of  such  an  Institute. 

Each  State  has  been  requested  to  form  a  local  Committee  to  deal  with 
the  matter.  Circulars  have  also  been  drawn  up  and  issued  to  all  the 
local  authorities  throughout  Australia,  asking  for  particulars  of  any 
researches  which  it  is  thought  would  be  helpful  to  local  industries,  and  for 
information  on  the  resources  of  existing  institutions.  Another  step  in  con- 
templation is  the  preparation  of  a  Census  of  Production  of  the  chief  industries 
of  Australia. 

While,  for  the  moment,  expenditure  appears  to  be  on  a  modest  scale, 
the  necessary  machinery  for  obtaining  such  information  is  now  in 
operation.  It  will  be  recalled  that  one  important  element  in  the  proposed 
scheme  was  the  creation  of  a  central  Bureau  of  Information  on  Scientific 
subjects.  We  observe  that  a  small  beginning  has  now  been  made,  a  section 
of  the  Melbourne  Public  Library  being  allotted  for  this  purpose. 

An  interesting  featuie  of  the  Report  is  the  reproduction  of  statements 
from  various  localities  on  researches  desired,  or  already  undertaken.  Most 
of  these  relate  to  agricultm-al,  pastoral,  or  mining  problems.  Naturally  the 
Australian  Government  may  be  expected  to  give  precedence  to  problems 
connected  with  their  local  industries,  but  the  results  of  their  experiments 
would  often  have  a  wider  interest,  and  the  assistance  of  scientists  in  this 
country  would  doubtless  be  helpful  in  many  cases. 

It  is  our  earnest  hope  that  as  these  movements  for  the  encouragement 
of  research  develop  throughout  the  Empire,  measures  will  be  taken  to  secure 
their  co-ordination  with  each  other,  and  with  the  Mother  Country.  We 
are  glad  to  sec  that  this  aspect  of  the  matter  has  been  brought  to  the  notice 
of  the  Committee  of  the  Privy  Council  for  Industrial  and  Scientific  Re- 
search, which  has  expressed  its  general  approval  of  this  view  and  suggested 
some  principles  that  ought  to  govern  such  co-operation. 

Meantime,  in  order  that  we  in  this  country  may  be  in  a  ])ositi()n  to 
afford  the  fullest  assistance  to  the  efforts  of  the  Colonies  and  Dominions, 
it  is  essential  that  the  aims  of  the  Authorities  should  be  clear  and  definite, 
and  that  there  should  be  available  ample  funds  to  enable  researches  to  be 
conducted  on  a  large  scale. 

An  important  statement  on  this  point  has  just  been  made  1)\-  Lord 
Crewe  to  a  Deputation  from  the  Conjoint  Board  of  Scientific  Societies. 
It  was  stated  that  a  large  sum  is  to  be  allotted  to  scientific  and  industrial 
research  which  will  enable  an  expenditure  four  or  five  times  the  present 
vote  for  the  purpose  to  be  made  over  a  period  of  five  years ;  that 
additional  funds  are  to  be  devoted  to  improving  the  position  of  the 
staff  of  educational  institutions,  and  that  expenditure  by  firms  out  of  profits 
on  industrial  research  will  receive  special  encouragement.  We  shall  refer 
to  this  matter  more  fully  in  our  next  number. 
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Street  Accidents. 

Some  interesting  figures  were  officially  given  recently  in  reply  to  a 
question  by  Mr.  Gilbert,  M.P.  From  these  data  it  appears  that  there  has 
been  a  progressive  increase  in  the  number  of  accidents  caused  by  motor 
vehicles.  This  is  made  still  more  evident  when  we  add  the  corresponding 
figures  for  1913,  which  were  not  included  in  those  given  in  the  House.  The 
totals  are  as  follows  : — 

Total  number  of  Fatal  Acci-  Total   Number   of   Non-fatal 
dents   in   the   London    Metro-  Accidents  in  the  London  Metro- 
Year,                  politan  Pohce  District,  caused  politan   Police  District,   caused 
bv  motor  vehicles  of  all  kinds,  by  motor  vehicles  of  all  kinds. 
1913*            ....                               424  13,153 

1914 493  14,638 

1915 666  16,366 

1916  to  Oct.   31st..                               509  11,827 
♦Taken  from  the  Returns  on  Street   Accidents   caused    b}'   vehicles  during  1913,  pre- 
sented to  the  House  of  Commons,  February  26th,  1914. 

The  increase  during  the  years  1913,  1914,  and  1915  is  marked.  The 
figure  for  1916  is  apparently  low,  but  the  two  dark  months,  November  and 
December,  are  not  included,  and  therefore  the  data  are  not  comparable. 

While  these  figures  are  conclusive  as  regards  the  increase  in  accidents 
since  the  outbreak  of  war,  they  do  not  furnish  all  the  information  we  need 
in  order  to  estabhsh  their  relation  to  the  lighting  conditions.  It  must  be 
remembered  that  the  number  of  motor  vehicles  traversing  the  streets, 
and  also  the  number  of  people  using  them  at  night,  are  doubtless  considerably 
less  than  in  pre-war  days.  Furthermore,  the  speed  of  motor  vehicles 
is  probably  less,  greater  care  is  exercised  both  by  drivers  and  pedestrians, 
and  statistics  indicate  a  marked  tendency  towards  sobriety  (which  is 
naturally  conducive  to  the  safety  of  pedestrians)  since  the  outbreak  of 
war.  The  authorities  have  also  taken  special  measures  for  the  safety  of 
the  public,  such  as  the  recent  recommendation  that  the  rule  "  keep  to  the 
right  "  should  be  adhered  to  more  closely. 

In  spite  of  all  these  facts  the  number  of  street  accidents  tends  to  increase. 
The  alteration  in  illumination — not  only  as  regards  diminution  but,  also 
the  extreme  contrasts  that  prevail  in  some  streets — is  doubtless  one 
important  factor  in  the  causation  of  accidents.  With  a  view  to  developing 
greater  uniformity  of  method,  it  would  be  a  great  advantage  if,  during  the 
war,  the  lighting  of  London  could  be  placed  under  a  single  authority,  acting 
under  the  best  expert  advice. 

With  a  view  to  establishing  conclusively  the  relation  between  accidents 
and  illumination,  it  would  be  useful  if  the  following  additional  data  could  be 
furnished,  or,  if  not  at  present  available,  collected  in  the  future  : — 

(1)  The  returns  of  the  accidents  during  each  month  of  the  period  referred  to  above. 

(2)  The  respective  numbers  of  accidents  in  each  month  during  the  day,  and  between 
sunset  and  sunrise. 

(3)  The  dates  at  which  further  restrictions  in  lighting  have  been  introduced. 

(4)  The  approximate  figures  for  the  number  of  licensed  motor  vehicles,  tramcars, 
etc.,  plying  in  London  in  each  month. 

(5)  The  dates  at  which  restrictions,  if  any,  in  the  speed  of  such  vehicles,  have  been 
introduced. 

Information  on  these  lines  would  be  of  great  assistance  to  lighting 
authorities  in  the  future  in  determining  the  best  method  of  illuminating 
the  streets,  and  the  regulation  of  the  speed  of  traffic. 

Leon  Gaster. 
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The  representation  of  distribution  of 
horizontal  illumination  between  two  lamps 
spaced  a  considerable  distance  apart  is 
attended  with  some  difficulty.  In  general 
the  illumination  falls  away  very  rapidly 
as  we  recede  from  the  base  of  the  lamp, 
until,  midway  between  the  lamps,  it  may 
be  but  a  small  fraction  of  that  immediately 
underneath  them.  If,  therefore,  we 
select  a  scale  sufficient  to  show  the  higher 
values,  differences  in  the  mid-point 
illumination  become  almost  unrecognis- 
able, and  to  the  uninitiated  there  appears 
little  difference  in  the  performances  of 
two  types  of  unit,  although  one  may  give 
twice  or  three  times  the  minimum 
illumination  of  the  other. 

The  question  is  of  greater  importance 
nowadays  in  view  of  the  tendency  to  lay 
stress  on  the  minimum  illumination  pro- 
vided in  a  street,  as  suggested  in  the  Draft 
Standard  Specification  of  the  Joint 
Committee  on  Street  Lighting,  presented 
by  Mr.  Trotter  before  the  Illuminating 
Engineering  Society  in  1913.  Moreover, 
during  recent  years  much  more  attention 
has  been  given  to  the  design  of  units 
giving  more  uniform  lighting  conditions. 
After  the  war,  when  street  lighting  in  this 
country  will  doubtless  be  more  scientific- 
ally studied,  the  possibilities  of  such 
units  will  be  closely  studied. 

It  is,  therefore,  of  interest  to  notice 
a  method  of  exhibiting  distribution  of 
illumination  devised  under  the  super- 
vision of  Mr.  W.  D'A.  Ryan  in  the 
laboratory  of  the  General  Electric  Co. 
(U.S.A.).  It  is  pointed  out  in  a  Report 
on  this  method  that  several  years  ago  it 
was  seldom  necessary  to  calculate  illumin- 
ation at  points  further  from  the  lamj) 
than  ten  times  its  height.  A  lamj) 
suspended  15  feet  above  the  street  did 
not,  as  a  rule,  give  satisfactory  minimum 
horizontal  illumination  beyond  150  feet 
{i.e.,  O'OOB  ft. -candles  at  a  distance  equal 
to  ten  times  the  height  of  the  lamp.  But 
units  are  now  being  designed,  particu- 
larly those  of  the  prismatic  glass  typo, 
which,  when  suspended  at  the  above 
height,  will  produce  this  illumination  at  a 

♦Based  on  a  Report  presented  by  W.  D'A. 
Ryan  of  the  Laboratory  of  the  General  Electric 
Co.  (U.S.A.),  in  1916. 


distance  of  180 — 240  feet.  For  example, 
in  one  such  unit,  having  a  polar  curve 
specially  designed  for  street  lighting,  the 
intensity  at  80°— 84°  is  increased  from 
1,300  to  2,100  candles,  while  the  down- 
ward component  is  decreased  from  500 
to  100  candles.  The  distribution  of 
illumination  is  thus  more  uniform  and 
the  lamp  is  effective  for  a  proportionally 
greater  distance. 

In  such  cases  the  conventional  method 
of  depicting  distribution  of  illumination 
has,  as  stated  above,  distinct  drawbacks. 
Sometimes  the  scale  of  the  curve  may  be 
changed  as  the  distance  increases,  with  a 
view  to  showing  more  clearly  what  happens 
in  the  more  remote  parts,  but  the  breaks 
in  the  continuity  of  the  curve  are  a  bad 
feature  destroying  its  fundamental  simpli- 
city, and  leading  to  possible  misunder- 
standing and  confusion.  In  order  that 
such  curves  may  be  used  by  a  salesman 
when  approaching  customers,  the  curve 
should  be  an  actual  picture  of  results. 

Now  the  "  ultimate  consumer  "  in 
judging  street  lighting,  is  not  guided  by 
considerations  of  "  candle-power "  or 
"  foot-candles,"  but  by  the  physiological 
impression  derived  from  the  illumination 
produced.  The  sensation  varies  as  the 
logarithm  of  the  illumination,  and  this 
in  itself  furnishes  an  argument  for  pre- 
senting results  with  a  logarithmic  scale. 

The  chief  advantages  of  such  a  scale 
are  : — 

(1)  An  unbroken  curve  over  groat 
ranges  of  illumination. 

(2)  A  single  scale  for  the  entire  curve. 

(3)  It  makes  practicable  the  use  of  a 
fixed  standardised  web  for  all  street  units. 

(4)  There  is  uniform  accuracy  through- 
out. 

(5)  The  sensation  values  are  pictured 
iu  a  manner  that  gives  a  reasonably 
accurate  impression. 

The  great  majority  of  illumination 
curves,  pos.sibly  ninety-nine  per  cent., 
have  for  their  equations  some  simple 
form  such  as 


E,,=  jj-j.  cosV.   .. 

for  horizontal  illumination. 


E., 


Ta 


(1) 


(2) 
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for    normal    ilium  ination, 

K.Ia  , 

-jp    .   C0S3« 


E. 


(3) 


for    the    illuminatioi!    along    a    vertical 
surface  such  as  a  wall. 

The    above    equations    can    be    easily 
applied  in  a  logarithmic  form,  thus  :— 
log  E^=  log  la-flog  cos^a  —  log  H^  . .     (4) 
log  E„=  log  la  +log  cos^a  -  log  H^  . .     (5) 
log  Es  =  log  K -flog  I  a -flog  cos^a  -logH^ 

(6) 

The  suggested  chart  is  simply  a  device 
for  adding  and  subtracting  logarithms,  as 
indicated  in  the  above  equations.  The 
operations  do  not  involve  logarithmic 
calculations  and  are  carried  out  on  the 
same  principles  as  on  a  slide  rule. 

The  full  page  illustration  is  a  repro- 
duction of  a  typical  logarithmic  chart. 
In  the  top  right-hand  corner  is  a  candle- 
power  web.  This,  however,  plays  no 
direct  part  in  the  operation  of  the  chart. 
Candle-power  values  are  usually  plotted 
at  intervals  of  ten  degrees  and  may  be 
recorded  on  the  space  down  the  right- 
hand  side  of  the  chart. 

At  the  bottom  of  the  chart  are  two 
spaces  occupied  by  curves  that  are 
similar  in  shape  but  have  different 
spacings.  The  lower  set  of  curves  are 
used  for  obtaining  normal  ilumination, 
the  upper  for  horizontal  illumination. 
At  the  extremities  of  these  spaces  are 
scales  for  various  heights  of  lamps 
varying  from  ten  to  twenty-five  feet. 
The  curves  give  the  expressions  appearing 
in  equations  (4)-  (6). 

A  straight  line  drawn  from  any  height, 
say  21  feet,  on  the  left-hand  height  scale 
to  the  same  height  on  the  right-hand 
height  scale  will  intersect  the  horizontal 
curves  at  distances  proportional  to  : — 

log  cos^O-log  212 

log  cos^lO— log  21 2 

log  .cos388''33'-log  212 

Similarly  for  the  "  normal  "  curves. 

The  sloping  lines  in  the  middle  of  the 
chart  are  spaced  according  to  the 
logarithms  of  the  intensity  of  the  light 
in  candles.  The  length  of  a  vertical 
line  drawn  from  the  candle  line  is  pro- 
portional to  log  I.  To  the  left  is  a  scale 
of  foot-candles.     Across  the  top  of  these 


intensity  lines  is  a  radial  distance  scale 
that  extends  to  500  ft. 

The  set  of  straight  lines  above  the 
distance  scale  are  "tangent"  lines.  A 
straight  line  drawn  through  21  on  the 
scales  at  right  and  left  intersects  the 
tangent  lines  at  distances  that  are  pro- 
portional to  the  distances  (from  the  base 
of  the  lamp)  at  which  the  rays  from  the 
lamp  strike  the  street. 

At  the  top  of  the  chart  is  a  set  of  arcs 
of  circles  that  may  be  used  to  find  the 
illumination  along  a  line  that  does  not 
jDass  beneath  the  lamp.  These  arcs  of 
circles  replace  the  arcs  of  ellipses  used  on 
the  old  form  of  illumination  chart. 
Illumination  along  any  line  within  one 
hundred  and  fifty  feet  may  be  obtained 
by  use  of  these  arcs. 

In  the  illustration  actual  candle-power 
values  are  shown  plotted  in  the  right- 
hand  corner,  and  down  the  right-hand 
edge.  Suppose  now  that  the  horizontal 
illumination  for  heights  of  20,  25  and  30 
feet  are  desired.  Starting  with  the 
20  feet  height  the  straight  line,  LL,  is 
drawn  through  the  20-feet  marks  on  the 
scalesat  the  ends  of  the  set  of  "  hori- 
zontal "  curves,  and  also  a  similar  line, 
L'L',  at  the  same  height  on  the  set  of 
tangent  lines.  A  set  square  is  placed 
with  the  vertical  side  through  the  inter- 
section of  the  line,  LL,  just  drawn  and 
the  zero  degree  horizontal  curve.  The 
intensity  1562  is  then  plotted  at  B  on 
the  candle  scale  vertically  over  the  inter- 
section point  I. 

The  height,  AB,  of  the  point  located  is 
equal  to  the  logarithm  of  the  illumination 
as  measured  on  the  scale  on  the  left. 
The  point  at  which  this  intersection 
occurs  is  directly  beneath  the  lamp  and 
the  point  C  on  the  illumination  curve  is 
obtained. 

In  a  similar  manner  another  point,  G, 
on  the  illumination  curve,  is  determined 
for  70  degrees,  using  the  line  L'L',  G  being 
the  intersection  of  lines  FG  and  HG. 
The  extension  of  the  process,  using  lines 
KK,  K'K',  MM,  M'M',  etc.,  gives  results 
for  heights  of  25  and  30  feet  respectively. 
In  dealing  with  normal  illumination  we 
may  first  obtain  a  horizontal  illumination 
curve  and  then  move  it  bodily  up  and 
down  a  distance  corresponding  with 
log  K.  Thus  if  the  value  of  K  were  0-4 
the  curve  is  moved  up  until  the  point 
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Fig.  1. — Complete  Chart  for  Determination  of  Iliumination  Curves  on  a  Logaritliinic  Scale. 

(Mr.  \V.  DA.  Kvan.) 
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0'4  foot-candles   coincides   with    1    foot- 
candle  on  the  chart. 

On  a  standard  blue  print  the  curve 
plotted  to  a  logarithmic  scale  ma)"  have 
a  range  of  10 — O'OOl  foot-candles,  which 
siiffices  for  all  ordinary  purposes.  The 
accuracy  of  the  graphical  arrangement 
compares  very  favourably  with  that 
obtainable  on  the  old  form  of  illumination 
chart,  and  is  uniform  throughout  the 
scale. 


Fig.  2. — Showing  a'  a"  a"'  Illumination  Curve 
plotted  to  logarithmic  scale. 

b'  b"  b'"  Illumination  Curve  plotted  to  linear 

scale, 
c'  c"  c"'  Sensation    Curve   plotted   to  linear 

curve  (coeff.  of  reflection  0'30). 

In  fig.  2  are  plotted  side  by  side 
illumination  curves  to  a  linear  and 
logarithmic  scale  and  the  sensation  curve 
assuming  a  coefficient  of  reflection  of  0'3. 
The  great  advantage  for  distant  points  is 
demonstrated.  The  difference  in  shape 
of  curves  a'  a"  a'"  and  c'  c"  c'"  is 
doubtless  due  to  the  Purkinje  effect 
which  begins  to  operate  below  O'l  foot- 
candle. 


ACCIDENTS  IN  THE  STREETS. 

In  reply  to  a  question  by  Mr.  Gilbert, 
Mr.  Herbert  Samuel  has  given  the 
following  statistics  relating  to  the  number 
of  people  (dlled  in  the  Metropolitan 
Police  District  through  street  accidents 
in  the  course  of  1914,  1915,  and  up  to 
October  31st  in  the  present  year  : — 


No.  of  persons  killed  by — 

Other 
Year.    Tramway     Motor  Mother 

Cars.      Omnibuses.  Vehicles. 

1914  37  148  308 

1915  86      154      426 
1916 

to  Oct.  31  63      135      311 

No.  of  persons  injured — 

1914  3,171  3,007  8,460 

1915  4,001  2,572  9,793 
1916 

to  Oct.  31  3,085  1,810  6,937 

In  the  same  periods,  the  number  of 
accidents  caused  by  tramcars  was  5,254, 
6,142,  and  4,594  respectively  ;  by  motor 
omnibuses  6,521,  4,981,  and  3,394 ;  and 
by  other  motor  vehicles  20,150,  21,913, 
and  15,988. 

It  will  be  observed  that  the  j^eriod  up 
to  October  31st,  omitting  the  two  dark 
months  of  November  and  December, 
hardly  gives  a  full  indication  of  conditions 
in  the  present  year,  and  it  must  also  be 
remembered  that  the  number  of  persons 
using  the  streets  at  night,  and  also  the 
number  of  vehicles,  is  probably  much  less 
than  before  the  war. 

PARIS  TO  BE  LIGHTED  BY  CANDLES. 

Paris,  "  La  Yille  Lumiere,"  is  now 
experiencing  yet  a  further  diminution  in 
illumination.  According  to  a  receiit 
decree  of  the  Prefect  of  Police  the  shops 
and  stores  are  not  to  be  lighted  after  six 
o'clock  in  the  evening  by  gas,  electricity, 
})etroleum  or  spirit.  An  exception  is 
made  in  favour  of  shops  dealing  in  food- 
stuffs, druggists,  hairdressers  and  tobac- 
conists. Shops  are  not  compelled  to  shut 
at  6. p.m.,  but  if  they  remain  open  after 
this  time  they  must  find  other  means  of 
lighting. 

Another  reform  is  the  closing  of  cafes 
and  restaurants  from  9.30  onwards. 

THE    UNLIGHTED    STAIRS. 

Sir  Thomas  Tacon  is  confined  to  his 
l)ed  suffering  from  sprains  to  both  knees 
caused  by  falling  down  a  staircase  while 
on  his  way  to  attend  a  meeting  of  the 
Eye  Tribunal  There  was  no  light  near 
the  stairs. 
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LIGHTING   IN    THE  ARMY. 

The  Illuminating  Engineering  Society 
in  the  United  States  is  evidently  applying 
its  attention  closely  to  lighting  problems 
in  connection  with  naval  and  military 
matters.  We  recently  gave  an  account 
of  some  points  raised  in  a  recent  paper 
by  Lieut.  McDowell  on  "  Illumination  in 
the  Navy."  The  October  issue  of  the 
Transactions  of  the  Society  contains  a 
similar  address  by  Capt.  Ed.  D.  Ardery 
on  lighting  in  connection  with  army 
work . 

There  is  no  doubt  that  in  many  of  these 
fields  experts  on  lighting  could  make 
useful  suggestions.  Most  of  the  remarks 
made  in  this  paper  would  no  doubt  meet 
with  general  agreement.  While  gas  and 
oil,  as  well  as  electricity,  are  iised  for 
lighting  officers"  quarters  and  barracks, 
open  flames  are  naturally  considered 
inadvisable  in  the  neighbourhood  of 
magazines.  Acetylene  is  well  adapted  for 
tents  utilised  for  clerical  work,  but  it  is 
recommended  that  the  flame  should  be 
kept  within  a  chimney  with  a  view  to 
avoiding  flickering.  For  trench-digging, 
road-repairing,  &c.,  acetylene  portable 
outtfis  may  be  useful,  and  a  light  fed 
from  a  small  acetylene  generator,  slung 
on  the  back  of  the  leading  man,  is  useful 
for  indicating  the  line  of  march  of  columns 
moving  in  the  dark.  (While  these  re- 
marks may  apply  to  home  service  the 
necessity  for  concealing  movements  from 
the  enemy  may,  however,  modify  con- 
siderably such  methods  in  actual  warfare. 
The  problem  of  providing  sufHcient  light 


for  work,  without  attracting  attention,  is 
not  an  easy  one,  and  proper  shading 
devices  would  seem  essential.  Capt. 
Ardery  mentions  that  in  view  of  these 
considerations  army  lanterns  so  used  are 
specially  constructed  to  throw  light  down- 
wards.) Another  device  mentioned  is  the 
attachment  of  light-coloured  objects  to 
the  backs  of  the  belts  of  the  men,  so  that, 
on  a  dark  night  march,  they  will  find  it 
easier  to  keep  their  distance. 

A  rather  curious  appliance  used  for 
hunting  in  the  Philippines  is  the  attach- 
ment of  small  acetylene  lam])s  to  the 
head,  with  the  light  immediately  over 
one  eye.  The  eyes  of  a  deer  brightlv 
reflect  this  light  and  appear  as  fiery  discs, 
making  it  easy  to  sight  between  them. 

Among  other  matters  dealt  with  the 
author  emphasises  the  need  for  alternative^ 
systems  of  supply  at  points  of  importance. 
Thus  at  the  sea  coast  forts  in  the  United 
States  there  is  in  many  cases  an  electric 
generating  plant  on  the  i)remises  as  well 
as  facilities  for  using  the  town  supj)lv. 
It  is  also  common  ))ractice  to  install 
25  k.w.  gasoline  plants  near  the  batteries. 

It  is  stated  that  the  local  abnormal  air 
pressures  set  u})  by  the  firing  of  big  guns 
often  extinguish  gas  lights  or  f)il  lanterns, 

and  chM'fric  litjhts  a  it  tlHTcl'on'  prcft-r- 
able. 

The  illumination  of  gun  platforms 
presents  many  special  problems,  as  it  is 
l)y  no  means  easy  to  secun'  the  ])rop<'r 
couditions  of  illumination  and,  at  thf 
same  time,  to  avoid  the  eyes  of  the  men 
beimi  dazzled  by  exi)ost'<l  lights. 

The  remainder  of  the  article  deals  with 
the  use  of  searchlights,  a  matter  wl  ich 
was  also  covered  in  the  paper  by  Lieut 
McDowell. 

b2 
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DEVELOPMENTS    IN    SEARCHLIGH1S 
IN  THE  UNITED  STATES. 

lu  the  recent  paper  ])y  Lieut.  McDowell 
before  the  Illuminating  Engineering 
Society  (U.S.A.)  on  "  Illumination  in  the 
Navy"*  mention  was  made  of  the  new- 
searchlight  with  cooled  electrodes  being 
developed  in  the  United  States.  Some 
further  particulars  are  now  given  in  the 
Electrical  World. 

One  of  the  new  searchlights  is  mounted 
on  the  Sperry  Building,  Brooklyn,  N.Y. 
It  is  stated  that  the  beam  is  visible  50 
miles  away,  and  that  attempts  will  shortly 
be  made  to  signal  over  a  distance  of  91 
miles.  The  source  of  light  is  stated  to 
be  not  the  incandescent  crater,  but  a 
superheated  vapour  within  it,  obtained 
by  using  impregnated  carbons.  An  in- 
trinsic brilliancy  exceeding  500  c.p.  per 
sq.  mm.,  or  more  than  320,000  c.p.  per 
sq.  inch,  is  obtained  ;  this  is  65  per  cent, 
of  the  brightness  of  the  sun  at  30°  eleva- 
tion and  nearly  3|  times  the  brilliancy 
of  the  pure  carbon  arc  crater.  At  the 
same  time  the  area  of  the  crater  has  been 
diminished,  giving  a  more  concentrated 
beam. 

The  following  particulars  of  the  lamps 
are  also  mentioned  : — 


electrode  in  continuous  rotation,  the 
second  by  using  a  differential  thermostatic 
device  which  automatically  keeps  the 
arc  within  IJ  millimetres  of  the  focal 
point. 


OUTDOOR  PAGEANT  LIGHTING  ON  A 
LARGE   SCALE. 

A  recent  number  of  the  Lif//itin(j 
Journal  (U.S.A.)  describes  the  novel 
artificial  lighting  conditions  required  for 
the  outdoor  performance  of  the  mammoth 
pageant  "  Caliban  "  performed  at  the 
Stadium  of  the  College  of  New  York. 
The  Stadium  is  circular  and  has  a  seating 
capacity  of  20,000.  The  stage-area  is 
80  ft.  long,  20  ft.  deep,  and  40  ft.  high, 
and  was  illuminated  by  a  series  of  gas- 
lilled  lamps  in  projector-reflectors, 
situated  a  distance  of  300  feet.  These 
lamps  required  in  all  about  1400  amperes. 

The  colour  and  intensity  of  light  could 
be  readily  adapted  to  the  requirements 
of  the  performance,  and  it  is  said  that 
the  lamps  were  so  well  situated  that  the 
source  of  light  was  not  at  all  noticeable. 
The  fact  of  gas-filled  lamps  being  used 
was  helpful  in  enabling  all  lighting  efiects 


Type  of 
Lamp. 

Diameter. 

Consumption 
of  Positive 
Electrode. 

Illumination 

produced  at 

a  distance 

of  J  mile. 

Equivalent 

Current. 

Positive 
Electrode. 

Negative 
Electrode. 

Candle- 
poAver.f 
(approx.) 

150  amps. 
200       „ 

36" 
60" 

8   ^^■ 

slightly 

larger 

TS  in. 
slightly 
larger 

13-5  in.  per  hr. 

ft. -candles. 
30 
85 

210,000,000 
550,000,000 

It  is  stated  that  in  the  case  of  the  200- 
amp.  arc  the  dispersion  does  not  exceed 
one  degree.  Unlike  the  Beck  lamp,  this 
new  lamp  is  not  cooled  by  means  of 
alcohol  but  by  the  agency  of  a  blast  of  air 
which  is  forced  up  through  the  hollow 
electrode  supports  and  impinges  on  the 
electrode.  In  view  of  the  small  size  of 
the  source,  it  is  important  (1)  that  the 
source  should  be  maintained  in  a  symmet- 
rical condition,  (2)  that  its  position  with 
respect  to  the  focus  of  the  minor  should 
be  unaltered.  The  first  requirement  is 
met  by  a  small  motor  which  keeps  the 


to  be  controlled  from  a  single  switchboard 
at  the  back  of  the  stage. 

During  the  arrival  of  the  audience 
they  were  prevented  from  seeing  what 
was  happening  on  the  stage  by  the  use 
of  several  1000-watt  lamps  in  glass-lined 
reflectors,  which  were  turned  towards 
them,  i)roducing  a  "  mild  blinding  in  the 
direction  of  the  stage,  thus  acting  as  a 
complete  screen  or  curtain  of  light." 

One  may  doubt  if  this  form  of  screen 
will  be  found  generally  acceptable  to 
audiences,  even  if  contrived  on  the  most 
efficient  and  up-to-date  lines. 


*  Ilium.  Eng.,  Sept..  1016. 


f  Calculated  from  preceding  column. 
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CIRCLE  OF  SCIENTIFIC,  TECHNICAL,  AND 
TRADE  JOURNALISTS. 


THE    HUMAN    ELEMENT    IN    FACTORIES. 

(Discussion  at  a  meeting  of  the  Circle  of  Scientific,  Technical,  and  Trade  Journalists,  held  at  5  p.m. 
on  Tuesday,  November  14th,  in  the  Hall  of  the  Institute  of  Journalists,  Tudor  Street,  E.C.) 


The  Annual  Meeting  of  the  Circle  took 
place  at  the  Institute  of  Journalists  at 
4.30  p.m.  on  Tuesday,  November  11th, 
when  a  report  on  the  proceedings  during 
the  past  session  was  presented  by  the 
Chairman,  and  accepted.  In  view  of  the 
attention  now  being  paid  by  the  Circle 
to  the  question  of  Technical  Education 
and  Industrial  Research,  and  the  im- 
portance of  preserving  continuity  in  this 
work,  it  was  resolved  that  the  Officers 
and  Committee  for  the  past  session 
should  be  re-elected. 

At  5  p.m.  a  General  Meeting  of  the 
Circle  was  held  in  the  Hall  of  the  Institute, 
Mr.  L.  Gaster  being  in  the  Chair. 

In  introducing  Mr.  Rowntree,  the 
speaker  for  the  evening,  the  Chairman 
referred  to  the  great  industrial  changes 
that  had  taken  place  since  the  outbreak 
of  war,  especially  in  connection  with 
munition  work,  ^\•hich  had  rendered  the 
study  of  conditions  of  work  in  factories  of 
vital  importance.  The  work  done  in  this 
direction  by  the  VN'elfare  Department  of 
the  Ministry  of  Munitions  was  of  great 
national  value,  not  only  in  promoting 
better  and  more  hygienii^  conditions  of 
work,  but  in  bringing  about  more  cordial 
relations  between  em[;loyer  and  em- 
ployee. The  Circle  was  very  fortunate 
in  hearing  jMr.  B.  P.  Rowntree.  the 
Director  of  this  De[>artment,  \\hose  ex- 
perience on  the  matter  was  unique.  The 
nature  of  this  Mork  deser\ed  to  be  more 
widely  known,  and  the  scientific  and 
teclini(^al  Press  could  I'ender  \alnalJe  ni  I 
in   this  direction. 

Mr.  B.  S.  Row'N'J'REK  (Director  of  tlic 
Welfare  Dept.,  Ministry  of  Munitions) 
then  read  his  paper  on  '"  The  Human 
Element  in  Factories  "  (see  ))p.343 — 347). 
Welfare  work,  lie  pointed  out.  might  be 
defined  as  "  tlie  humimising  of  industrial 
conditions."  In  the  old  days  wh(>n  in- 
dustry was  conducted  in  small  factori<'s. 
the  employer  knew  his  workers  pcisonailx 
anrl  took  an  interest  in  them.  In  the  hug^ 
factories    of    to-day    this    is    no    longer 


possible.  Hence  welfare  de]iartments  are 
being  organised  in  many  factories,  and 
many  hmidreds  of  welfare  supervisors 
have  been  appointed  since  the  outbreak  of 
wai'.  Mr.  Rowntree  described  in  detail 
the  x\ork  inidertaken  by  such  supervisors, 
and  mentioned  cases  in  which  their  efforts 
had  quite  revolutionised  conditions  of 
work,  bringing  about  better  relations  be- 
t\xeen  the  employer  and  the  staff,  and 
materially  improving  output  and  qualit\' 
of  work.  '■  No  method  of  conducting 
industry,""  he  added,  "  is  satisfactory 
which  leads  to  a  waste  of  human  effort, 
and  unless  workers  are  happy  and  con- 
tented and  well  they-  cannot  put  forth 
their  be.st  efforts."' 

At  the  conclusion  of  3Ir.  Rowntree"s 
address  the  Chairman  read  extracts  from 
a  nimiber  of  letters  expressing  regret  at 
inability  to  attend  and  interest  in  Mr. 
Rowntree's  Avork.  These  itacluded  com- 
munications from  Viscount  Haldan'e,  the 
Rt.  Hon.  Arthir  Henderson,  and  ]\Ir. 
A.  (!.  Gardiner  (President  of  the  In- 
stitute), while  Sir  ^^'ILLTAM  Lever,  Sir 
Richard  ]3urbid(;e.  an<l  ]\Ir.  Gordon 
Selfridc:e,  as  large  employers  of  labour, 
expressed  the  view  that  good  work  could 
only  be  accomplished  when  cordial  rela- 
tions were  established  between  manage- 
ment and  staff. 

A  vote  of  thanks  to  'Sir.  Rowntree  \\as 
j^roposed  by  Mr.  A.  J.  ]\Iundeli.a  (Chair- 
man of  the  London  District),  and  seconded 
by  Mr.  Gii-rert  AN'ood,  and  a  discussion 
ensued  in  which  Mr.  A.  T.  Dale,  Mr. 
(i.  J?iOLi. HOUSE,  Mr.  E.  H.  Pelha.m. 
Mr.  A.  P.  ]\r.  Fleminc.  Dr.  E.  L.  Collis, 
]\Fiss  L.  1*].  1'atterson.  ]\Iiss  A.  A.  Smith, 
Miss  B.  OReieey,  and  Mr.  S.  H.  Little- 
wood  took  jiart. 

Mr.  Rowntree.  in  replying  to  tlie  dis- 
cussion, expressed  his  |)leasure  in  address- 
ing the  Circle,  and  th<'  hope  that  the 
scientific  and  teclmical  I'ress  would  co- 
operate in  making  the  importance  of  tlio 
subject  mor<>  fully  recognised  by  manu- 
facturers. 
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Chairman's  Introductory  Remarks. 

The  Chairman  (Mr.  L.  Gaster)  :  The 
subject  on  which  Mr.  Rowntree  is  about 
to  address  us  is  one  not  only  of  great 
present  moment,,  but  of  vital  importance 
to  our  industrial  future. 

The  great  crisis  through  which  we  are 
now  passing  has  served  to  emphasise  the 
importance  of  careful  study  of  conditions 
of  work  in  factories.  Large  masses  of 
men,  women  and  children  have  been  re- 
moved from  their  normal  conditions  to 
do  unfamiliar  work  in  novel  circumstances 
and  at  exceptional  pressure.  Those  at 
work  in  the  munition  factories  are  giving 
their  utmost  in  health  and  strength. 

The  welfare  movement,  therefore, 
satisfies  an  admitted  need.  I  do  not 
wish  to  anticipate  what  Mr.  Rowntree  is 
going  to  tell  us  of  the  admirable  work 
of  the  Welfare  Department  of  the 
Ministry  of  Munitions.  Some  of  you, 
however,  are  familiar  with  the  series  of 
bulletins  on  such  subjects  as  hours 
of  work,  housing,  canteens,  heating, 
lighting  and  ventilation,  etc.,  which  the 
Committee  on  the  Health  of  Munition 
Workers  has  been  is.suing  during  the 
past  and  present  year.  These  bulletins 
have  shown  by  actual  facts  and  figures 
how  impossible  it  is  for  workers  to  do 
their  best  if  they  are  overworked,  under- 
fed, and  badly  housed.  They  have  de- 
monstrated in  a  most  convincing  manner 
that  even  from  a  purely  economical  stand- 
point it  pays  to  care  for  the  welfare  of 
the  worker,  and  to  see  that  he  is  com- 
fortable and  contented. 

I  do  not,  however,  wish  to  refer  to  the 
movement  on  this  ground  alone.  The 
ciHintry  is  rightly  bending  all  its  energies 
on  the  immediate  task  before  it.  And 
yet  we  must  think  of  the  future  as  well. 
If  bad  conditions  of  work  prevail, 
especially  among  the  women  and  children 
now  engaged  in  industry,  they  will  not 
only  prove  uneconomical  now,  but  will 
prejudice  the  physique  of  the  nation  and 
of  future  generations  in  the  future. 


Neither  do  we  regard  the  welfare 
movement  as  beneficial  only  because  it 
increases  the  worker's  capacity  and  is 
therefore  profitable.  From  a  wider  stand- 
point this  movement  ought  to  appeal  to 
us  as  a  ground  of  common  contact 
between  capital  and  labour,  as  work  in 
which  both  must  participate  if  genuine 
success  is  to  be  obtained,  and  as  an  indi- 
cation of  the  spirit  of  co-operation  which 
will  lead  the  worker  to  feel  that  his  or  her 
work  is  a  service  to  the  country,  and  a 
source  of  legitimate  pride. 

The  many  lessons  we  are  learning  from 
this  terrible  war  will  surely  not  be  for- 
gotten when  the  conflict  is  at  an  end. 
That  there  are  great  industrial  changes 
to  come  after  the  war  we  most  of  us 
believe.  That  they  will  be  accompanied 
by  fuller  co-operation  and  the  coming  of 
a  more  cordial  and  friendly  spirit  between 
employer  and  employee  we  all  of  us  hope. 
Not  the  least  useful  approach  to  these 
better  conditions  is  by  the  aid  of  the 
welfare  work,  on  which  Mr.  Rowntree 
is  going  to  address  us  to-night. 

We,  as  journalists,  can  do  a  share  of 
the  good  work.  It  is  only  by  much 
patient  educational  effort  that  the 
country  can  be  brought  to  recognise  the 
vital  importance  of  this  subject.  And 
even  when  manufacturers  are  united  in 
desiring  guidance  there  is  still  the  problem 
of  finding  out  and  making  known  the 
exact  conditions  of  work  that  give  the 
best  possible  result  from  the  economic 
and  hygienic  standpoint.  The  scientific 
and  technical  Press  is  in  a  particularly 
happy  position  to  act  as  a  channel  for 
the  dissemination  of  such  knowledge. 
We  therefore  will  look  to  Mr.  Rowntree 
for  information,  and  for  suggestions  as 
to  how  we  can  best  serve  the  movement 
under  his  direction. 

Mr.  Rowntree's  long  experience  of  this 
work  will  be  known  to  many  of  you. 
Even  before  the  war  he  was  identified 
with  the  study  of  the  welfare  of  factory 
workers,  and  had  introduced  in  his  own 
business  the  essential  principles  of  what 
is  known  to-day  as  welfare  work.  This 
past  experience  has  enabled  him  to 
render  inestimable  services  to  the  country 
at  the  Ministry  of  Munitions,  and  we  are 
indeed  fortunate  in  welcoming  him  here 
to-night. 
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THE    HUMAN    ELEMENT    IN    FACTORIES. 

By  B.  S.  Rowntree. 
Director  of  the  Welfare  Department,  Ministry  of  Munitions  of  War. 

(Paper  read  before  a  meeting  of  the  Circle  of  Scientific.  Teclinical,  and  Trade  Journalists,  held  in 
the  Hall  of  the  Institute  of  Journalists,  London,  at  5  p.m.  on  Xovemher  14th.) 


I  WAS  asked  to  speak  on  ""  Welfare  W'ork 
in  Factories,"'  but  instead  of  adopting 
that  title  for  my  address  I  chose  '"  The 
Human  Element  in  Factories,"  for  welfare 
work  may  be  defined  as  the  humanising 
of  industrial  conditions. 

As  I  travel  about  the  country  I  am 
impressed  by  the  fact  that  whereas  very 
many  employers  recognise  fully  that 
their  responsibility  to  their  workers  ex- 
tends far  beyond  the  bare  observance  of 
the  Factory  Acts,  and  the  payment  of 
the  rate  of  wage  current  in  the  locality, 
others  contend  that  they  see  no  need  to 
do  more  than  fulfil  these  two  conditions. 
■■  Business  is  business,"  they  tell  you. 
■  The  workers  care  nothing  for  us,  why 
should  we  bother  about  them  ?  "'  And 
so  they  frankly  treat  their  workers  as 
impersonal  dividend-producing  machines. 
Are  they  happy  or  unhappy,  well  or  ill, 
anxious  or  contented,  matters  not  so  long 
as  they  can  do  their  work  :  and  after  all, 
if  they  don't  or  can't  do  their  work  there 
is  always  the  remedy  at  hand,  and  others 
ready  to  take  their  places.  Having 
definitely  adopted  this  attitude  towards 
the  workers,  they  not  infrequently  ])ro- 
ceed  to  complain  bitterly  of  their  b<'- 
liaviour.  "  They  break  time  shockingly, 
and  with  utter  disregard  to  the  import- 
ance of  the  work."  ''  They  waste  ma- 
terial." "  They  are  for  ever  grumbling  : 
their  sole  aim  is  to  get  as  much  as  they 
can  for  doing  as  little  as  possible.  They 
strike  on  the  least  provocation,  or  without 
})rovocation,  and  merely  at  the  bidding 
of  some  agitator.  In  short,  they  aro  a 
lazy,   shiftless  lot." 

Now  in  certain  factories  there  i.s  mucli 
truth  in  nianv  of  the.se  charges.  Bui 
what  a  terrible  waste  of  that  precioiis 
commodity,  human  effort,  this  indicates. 
To  think  that  men  should  be  idling  when 
England  is  fighting  with  her  back  to  the 
wall! 

T  suppose  there  never  was  a  time  in  our 
national  history  when  there  was  greater 
need  for  every  one  of  us  to  do  and  be  his 
best,  and  for  the  elimination  of  waste. 


"  Don't  waste  gas,  coal,  or  electric  light," 
is  an  admonition  placarded  over  the 
London  hoardings  in  letters  4  feet  high. 
'"  Don't  waste  human  effort "  is  an 
admonition  much  more  urgently  needed. 
And  not  needed  to-day  only.  It  will  be 
needed  for  long  years  to  come,  when  we 
are  engaged  on  the  unromantic  and  un- 
inspiring task  of  paying  a  war  bill  of  no 
one  knows  how  many  thousand  millions. 

And  so  we  come  to  this.  Present  con- 
ditions have  forced  upon  us  the  fact  that 
if  the  nation  is  to  prosper,  human  effort, 
the  basis  of  prosperity,  must  be  econo- 
mised. By  this  I  do  not  mean,  of  course, 
held  back,'  but  used  to  the  best  possible 
advantage. 

The  wheels  of  the  industry  nmst  be 
greased,  for  truly  our  industrial  system 
is  a  groaning,  creaking  machine,  ard 
much  in  need  of  oil. 

I  do  not  propose  here  to  discuss  funda- 
mental changes  in  it,  their  consideration 
falls  outside  the  scope  of  welfare  work. 
But  I  want  to  make  it  clear  that  no 
method  of  conducting  industry  is  satis- 
factory which  leads  to  a  waste  of  human 
effort,  and  that  unless  workers  are  happy 
and  contented  and  well,  they  do  not  and 
cannot  ])ut  forth  their  best  efforts. 

Briefly,  welfare  work  aims  at  making 
the  workers  happy,  contented,  and  well. 
Not,  mark  you,  by  fair  words  and  tinsel 
rewards  given  in  lieu  of  the  more  sub- 
stantial rewards  for  effort  which  trade 
unions  demand,  but  by  providing  such 
conditions  of  industry,  and  showing  such 
consideration  for  the  workers  as  naturally 
call  forth  effort .  This,  of  course,  includes 
rewarding  effort  suitably-  or,  in  plain 
business  language,  ])aying  good  wages. 
Welfare  work  and  sweating  wages  are  like 
oil  and  water  :   they  won't  mix. 

And  now  let  me.  seek  to  define  more 
preciselv  what  I  take  welfare  to  involve. 
I  have  already  referred  to  wages.  T 
think  it  will  be  agreed  that  the  minimum 
aimed  at  should  be  wages  sufficient  to 
provide  what  is  nece.ssary  for  physical 
effiicencv    and    to    leave    a    reasonablr 
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margin  for  recreation.  I  do  not  propose 
to  ((uote  figures.  I  have  done  this  else- 
where, but  I  maintain  that  the  employer 
should  seek  to  satisfy  himself  on  this  head, 
and  should  regard  the  conditions  in  his 
factory  as  essentially  unsatisfactory  until 
at  least  this  minimum  has  been  reached. 
And  here  I  would  urge  that  what  is  of 
importance  to  the  workers  is  not  the  wage 
rate,  but  the  sum  of  money  actually 
taken  away  Aveek  by  week.  Care  should 
be  taken  to  avoid  standing  individuals  off 
work  for  such  periods  that  the  wages  they 
take  home  at  the  week-end  are  insuffi- 
cient for  the  maintenance  of  physical 
efficiency.  It  is  really  astonishing  how 
some  employers  stand  workpeople  off 
without  paying  them,  without  apparently 
recognising  the  hardship  involved,  or 
making  any  adei|uate  effort  to  regularise 
employment.  The  evil  of  this  practice  is 
magnified  when  workers  are  living  away 
from  home  :  and  in  the  case  of  girls 
living  in  lodgings,  the  temptation  to  earn 
money  in  other  ways  is  obvious. 

Another  fundamental  condition  of  well 
being  is  that  the  length  of  the  working 
week  should  not  be  excessive.  The 
working  day  should  be  of  such  total 
length  and  so  divided  up  by  rest  intervals 
as  not  unduly  to  tax  the  workers'  strength, 
and  it  should  give  reasonable  oppor- 
tunities for  rest  and  recreation.  In  no 
case  should  the  hours  be  more  than  re- 
commended by  the  Health  of  ^Munition 
Workers'  Committee,  and  if  a  shift  is  as 
long  as  five  hours  it  should  be  broken  by 
a  brief  rest  interval.  Accurate  statistics 
of  the  wastefulness  of  excessive  hours  of 
work  are  very  difficult  to  obtain,  owina 
to  the  instability  of  working  conditions, 
which  make  comparison  of  output  during 
periods  of  short  hours  and  long  hours 
unreliable  ;  but  there  is  a  growing  con- 
census of  opinion  that  long  hours,  especi- 
ally if  continued  for  a  considerable 
period,  do  not  pay  the  employer.  In  this 
connection  it  is  important  to  remember 
that  once  the  human  organism  becomes 
run  down  it  takes  much  longer  to  re- 
build the  worn-out  tissues  than  to  wear 
them  out ;  the  Health  of  jMunition 
Workers'  Committee  has  recently  pub 
lished  a  memorandum  giving  the  result 
of  a  detailed  and  careful  inquiry  wliicli 
they  have  made  into  the  matte]'.  They 
give  various  illustrations  of  the  economy 


of  short  hours.  For  instance,  they  show 
how,  in  one  munition  factor}',  a  reduction 
in  hours,  from  77^  to  66|  per  week,  re- 
sulted in  an  increased  hourly  output  of 
23  per  cent,  in  the  case  of  female  workers ; 
and  they  say  in  regard  to  this  case  that 
the  evidence  pointed  to  60  hours  per 
week  as  being  the  maximum  number  of 
hours  which  can  be  worked  with  advan- 
tage. In  another  case  the  hourly  output 
of  men  increased  by  22  per  cent,  when 
their  hours  were  reduced  from  71  to  61 
hours  per  week. 

A  third  factor  of  great  importance  in 
the  well-being  of  the  workers  is  that  there 
should  be  adequate  facilities  for  securing 
nourishing  food  under  restful  and  whole- 
some conditions.     When  considering  the 
energy  put  into  their  work  by  factory 
employees,  it  is  sometimes  forgotten  that, 
as     Walker,    the     American     economist, 
pointed  out,   there  is  only  one  way  of 
getting  energy  out  of  a  man,  and  that  is 
by  first  putting  it  into  him.     If  a  man's 
food    is    adequate    his    work    may     be 
mighty  ;   if  he  is  underfed  he  must  under- 
work.    And    yet    not    a    few    employers 
regard  the  provision  of  nourishing  food 
in     suitably     furnished     canteens    as     a 
luxury.     It  is  no  more  of  a  luxury  than 
is  the  stokehole  of  the  boiler-house.     And 
let  it  be  remembered  that  it  is  not  suffi- 
cient just  to  put  the  necessary  amount 
of  nutriment  into  the  man  or  woman. 
The  dinner  hour  should  be  spent  under 
agreeable  and  restful  conditions.     To  eat 
a  cold  or  heated-up  meal,  sitting  by  one"s 
machine,  in  a  close  or  dirty  workroom, 
is  not  the  way  to  secure  a  good  after- 
noon's    work.     Clean     and     wholesome 
workrooms,  well  lit,  and  well  ventilated, 
and  work  suited  to  the  capacity  of  the 
worker    are    other    conditions    both    of 
welfare  and   of  efficiency.      Thus  stated 
the  fact  would  appear  to  be  obvious,  and, 
yet   it   is   one  which   is  frequently  over- 
looked   in    practice.     We    know    in    our 
offices  that  if  the  light  is  trying,  or  the 
air  is  close,  we  cannot  do  our  best  work, 
and  yet  how  ill-lit  and  ill-ventilated  are 
many    workrooms !      And     again,     how 
often  men  and  women  are  put  to  work 
for  which  they  are  not  suited. 

This  leads  me  to  anothei"  important 
mattei'.  namely,  the  method  of  selecting 
employees.  It  seems  to  me  that  em- 
jjloyers    do    not    sufficientl}-    realise    how 
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critical  a  process  of  industry  the  "  setting- 
on  "  of  a  worker  is.  This  is  true  of  all 
workers,  but  especially  of  women  and 
boys.  Imagine  girls  or  boys  introduced 
for  the  first  time  into  a  large  factory  ! 
They  should  first  be  led  to  realise  the 
great  possibilities  that  lie  before  them, 
and  then  surrounded  by  conditions  which 
will  enable  them  to  realise  those  possi- 
bilities. Engagement  should  always  be 
by  a  sympathetic  person,  with  the  gift  of 
inspiration,  who  should  keep  in  touch 
with  the  workers  after  engagement,  with 
a  view  to  supplying  the  sympathy  and 
stimulus  which  encourage  them  to  do 
their  best.  For  a  foreman  to  pick  a  boy 
or  girl  out  of  a  crowd  and  send  them  to 
work  in  a  merely  mechanical  way,  with- 
out any  recognition  of  the  fact  that  the 
human  mechanism  is  extraordinarily  sensi- 
tive and  responsive  to  external  stimuli, 
is  not  the  way  to  economise  human 
effort.  I  said  earlier  on  that  for  men 
and  women,  and  especially  boys  and 
girls,  to  put  forth  their  best  efforts  they 
must  be  happy,  contented,  and  well. 
To  achieve  this  end  they  must  be  treated 
and  considered  individually,  and  not  in 
the  mass.  Eough  justice  for  a  large 
factory  staff  may  comprise  a  great  many 
minor  cases  of  injustice,  and  each  one  of 
these  militates  against  the  efficiency  and 
output  of  the  person  affected.  A  fore- 
man giving  to  nagging  or  bullying  is  the 
worst  investment  an  employer  can  make. 
As  has  been  well  said,  "  In  business 
hearts,  not  clubs,  are  trumps."" 

How  is  this  individual  attention  to 
employees  to  be  secured  ?  In  the  old 
days,  when  industry  was  conducted  in 
small  units,  and  the  employer  knew  his 
workers  individually  and  caUed  tlnMii  bv 
their  Christian  names,  there  was  a 
human  bond  of  relationship  l>etween 
master  and  man.  Now,  with  enormous 
factories  employing  thousands  of  men 
and  women,  this  bond  has  largely  dis- 
appeared The  directors  base  their  policy 
largelv  on  financial  considerations,  and 
the  workers  tend  to  become  only])awns 
in  the  financial  game.  It  is  oljviously 
im])ossihl<'  for  a  large  emphtyer.  however 
mud)  sympathy  he  may  feel  with  them, 
to  know  his  workers  individually,  aiifl 
that  is  why  employers  hnve  introduced 
into  their  factories  what  are  often  known 
as  welfare  departments,  .staffed  by  care- 


fully selected  men  and  women,  whose 
duty  it  is  to  seek  to  introduce  into  the 
business  organisation  that  human  touch 
which  is  so  apt  to  be  squeezed  out  in  the 
huge  industrial  concern  of  to-day.  The 
staff  of  the  welfare  department  usually 
engage  the  workers,  or  at  any  rate  assist 
in  doing  so,  possibly  leaving  the  ultimate 
choice  to  the  foreman  or  forewoman : 
they  keep  records  of  broken  time,  and  seek- 
to  remove  its  causes  ;  they  investigate 
cases  of  dismissal  and  resignation  of  em- 
ployees ;  they  hold  a  watching  brief 
over  the  wages,  and  advise  the  manage- 
ment where  any  case  of  injustice  or 
anomaly  seems  to  exist  ;  they  investigate 
complaints  made  by  the  workers  :  they 
supervise  the  working  conditions,  and, 
especiallv  where  poisonous  or  dangerous 
materials  are  handled,  seek  by  every 
means  to  safeguard  the  health  and  safety 
of  the  workers :  they  supervise  the 
canteens  and  rest-rooms,  and  where 
workers  are  imported  from  a  distance 
they  help  in  finding  suitable  lodgings. 
In  short,  they  seek  not  only  to  secure 
good  working  conditions,  but  to  show 
consideration  to  each  individual  worker. 
They  are  not  concerned,  as  a  rule,  with 
technical  processes  or  output,  though 
obviously  if  they  succeed  in  creating  a 
spirit  of  contentment  and  good-will  their 
work  affects  output  very  greatly. 

Hundreds  of  such  welfare  supervisois 
have  been  a])pointed  since  the  war  began, 
and  manv  an  employer  can  testify  to  the 
value  of  their  services.  Of  course,  there 
have  been  failures.  It  is  obvious  that 
in  work  of  this  kiiul  everything  depends 
on  the  j)ersonality  of  the  officers  aji- 
pointed.  and  wheie  the  choice  has  been 
unfortunate  the  work  has  suffered  accord- 
inglv.  But  the  failures  have  been  few  in 
comj)arison  to  the  successes.  I  have 
seen  the  whole  character  of  a  woiking 
staff  revolutionised  thrf»ugh  the  tactful 
activity  of  a  welfaie  (le|i;irtment.  (Inly 
the  other  week  1  went  over  a  large 
factorv  where  a  couple  ol  thousand 
women  were  eni]iloyed  many  of  them 
on  most  unpleasant  and  dangerous  work 
and  vet  there  was  throughout  the  whole 
|)lace  ;i  striking  spirit  of  good-will  and 
contentment.  1  learned  the  secret  of 
this  in  the  course  of  an  hour's  talk  with 
the  head  welfare  sujiervisor.  who  ti>ld  me 
of   the   care   taken    to   secure   the    best 
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possible  working  conditions,  and  of  the 
individual  attention  paid  to  the  workers. 
(She  told  me  of  the  great  benefits  which 
had  been  derived  from  the  appointment 
of  refined  and  sympathetic  women  as 
supervisors. 

The  following  is  a  summary  of  the  work 
carried  out : — 

(1)  The  engagement  of  women,  and 
recruiting  labour  from  the  Labour  Ex- 
changes. 

(2)  The  supervision  and  care  of  the 
overalls  used  by  workers. 

(3)  The  appointment  of  twelve  care- 
fully selected  welfare  supervisors. 

(4)  The  consideration  of  all  complaints 
and  the  checking  of  all  dismissals. 

(5)  The  work  of  the  hospital,  where 
there  are  up  to  800  cases  per  week,  and 
of  the  dentistry  (le])artment. 

(6)  The  constant  su])ervision  of  lu-allli 
[)recautions. 

(7)  The  supervision  of  canteens,  cloak- 
rooms, etc. 

Before  I  close,  I  should  like  to  take  the 
subject  of  humanising  factory  conditions 
a  stage  further,  and  speak  of  what  T 
believe  is  to  be  the  next  step  in  the 
evolution  of  industry.  Hitherto  the 
position  of  employers  and  employed  has 
been  almost  purely  that  of  master  and 
servant,  and  yet,  when  one  comes  to 
think  of  it,  there  is  no  reason  why  this 
should  be  so.  The  employer  either  pro- 
vides or  represents  capital,  but  liis 
capital  is  valueless  without  labour,  just 
as  labour  is  valueless  without  capital. 
To  make  either  effective  they  must  come 
together  and  work  in  co-operation.  Why 
should  Ihey  not  work  in  a  sjiirit  of 
partnership  ?  Is  there  anything  to  pre- 
vent the  realisation  of  the  ideal  outlined 
by  Mr.  Gosling  in  his  presidential  address 
to  the  recent  Trade  Union  Congress, 
where  he  said  :  '"  We  hope  for  something 
better  than  a  inere  avoidance  of  uneni- 
ployinent  aiid  strikes.  We  are  tired  of 
war  in  tlie  industrial  field.  The  "British 
workman  cannot  (piietly  submit  to  an 
autocratic  oovernment  of  the  conditions 
of  his  own  life.  He  will  not  take  '  Prus- 
sianism  '  lying  down,  even  in  the  dock, 
the  factory,  or  the  mine.  Would  it  not 
be  possible  for  the  employers  of  this 
country,  on  the  conclusion  of  peace,  when 
we  have  rid  ourselves  of  the  restrictive 
legislation  to  which   we  have  submitted 


for  war  purposes,  to  agree  to  put  their 
business  on  a  new  footing  by  admitting 
the  workmen  to  some  participation,  not 
in  profits,  but  in  control  ^  We  workmen 
do  not  ask  that  we  should  be  admitted  to 
any  share  in  what  is  essentially  the 
employer's  own  business — that  is,  in 
those  matters  which  do  not  concern  us 
directly  in  the  industry  or  employment 
in  which  we  may  be  engaged.  We  do 
not  seek  to  sit  on  the  board  of  directors 
or  to  interfere  with  the  buying  of 
materials,  or  with  the  selling  of  the 
]>roduct.  But  in  the  daily  management 
of  the  employment  in  which  we  spend 
our  working  lives,  in  the  atmosphere  and 
under  the  conditions  in  which  we  have  to 
work,  in  the  hours  of  beginning  and 
ending  work,  in  the  conditions  of  re- 
muneration, and  even  in  the  manners 
and  ])ractices  of  the  foremen  with  whom 
we  have  to  be  in  contact — in  all  these 
matters  we  feel  that  we,  as  workmen, 
have  a  right  to  a  voice — even  to  an  equal 
voice — with  the  management  itself.  Be- 
lieve me,  we  shall  never  get  any  lasting 
industrial  peace  except  on  the  lines  of 
industrial  democracy."' 

Up  to  the  present,  employers  have 
tended  to  keep  the  workers  at  arm's 
length  in  all  questions  of  management. 
"  If  I  can't  be  master  in  my  own  busi- 
ness, it  is  about  time  I  shut  up  shop," 
has  been  their  attitude.  I  am  confident 
that  it  is  a  wrong  one,  and  it  must  be 
changed  if  we  are  to  be  successful  in  the 
intense  industrial  competition  to  which 
we  must  look  forward  in  the  future. 
There  have  been  many  signs  in  the  jjast 
decade  that  English  workmen,  with 
their  growing  education  and  width  of 
outlook,  will  not  much  longer  be  con- 
tented to  be  mere  wage  slaves.  The 
industrial  conditions  of  the  last  two  years 
have  made  them  see  clearly  how  indis- 
pensable are  their  services  to  the  com- 
munity, and  they  will  claim  a  moie 
responsible  ]jart  in  deteiniinina"  the 
industrial  conditions  of  the  future.  It 
will,  I  believe,  be  a  profound  mistake 
for  employers  to  hold  the  trade  union  at 
arm's  length,  and  to  resent  all  suggestions 
that  the  workmen  should  have  a  say  in 
determining,  not  the  financial  policy  of 
business,  but  the  conditions  of  work.  It 
will  not  weaken,  but  strengthen,  British 
industry  to  have  this  closer  co-operation. 
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Let  us  say  to  the  workmen  :  '"  Ccme  and 
help  us  in  a  spirit  of  partnership  to  solve 
the  day-to-day  problem  connected  with 
the  conduct  of  our  business.'"  We  will 
establish  Works'  Councils  on  which 
workers  and  management  shall  be  equally 
represented.  Since  the  decision  of  these 
councils  might  occasionally  be  incom- 
patible with  the  financial  policy  of  the 
business,  the  management,  who  are 
ultimately  responsible  for  finance,  must 
retain  a  vote  over  them  ;  but,  on  the 
other  hand,  the  trade  unions  may  discuss 
with  the  management  any  decision  come 
to  by  the  Works'  Council  not  satisfactory 
to  theua.  There  is  nothing  in  this  sug- 
gestion which  need  alarm  either  capi- 
talists or  trade  unions,  but  the  frank 
recognition  that  the  workers  within 
certain  limits  are  regarded  as  partners 
rather  than  servants  at  once  raises  their 
whole  status.  The  existence  of  Works" 
Councils,  where  all  kinds  of  questions  of 
management  can  be  frankly  discussed 
and  suggestions  received  from  the  workers 
for  overcoming  difficulties,  will  do  much 
to  break  down  that  suspicion  which  leads 
not  only  to  serious  industrial  unrest,  but 
which  checks  output  and  lowers  efficiency. 

I  should  like,  if  T  may,  to  conclude 
with  a  quotation  from  a  remarkable  book 
by  an  American  writer  named  "  Eedfield.'' 
entitled  Tl<e  New  Im/xslrial  Dai/.  Speak- 
ing of  the  human  element  in  industry, 
he  said  :- 

"  With  the  men  that  enter  our  fac- 
tories, enters  the  greatest  force  in  all 
production,  I  mean  the  responsiveness  of 
these  men  to  leadershi]).  They  work 
indeed  because  they  needs  must  earn 
their  bread,  and  it  is  needful  that  super- 
vision should  be  closely  exercised  for 
manifest  reasons,  btit  neither  the  need 
for  bread  nor  the  closest  supervision  will 
draw  out  the  best  that  the  workman  has 
to  give.  That  caii  only  be  done  by  the 
righteous  adjustment  of  wage  to  ])ro- 
duct ;  by  the  absence  alike  of  inju.stice 
and  of  charity  ;  by  the  opening  of  the 
door  of  opportunity  ;  by  the  absence  of 
driving  and  the  presence  of  leading : 
by  the  selection  of  the  man  for  the  task, 
and  the  adjustment  of  the  task  to  the 
man ;  by  the  instruction  of  the  mail 
for  his  task  or,  if  unfitted  for  it,  then  in 
some  other  task  for  whicli  he  is  more 
fitted ;     by    the    spirit   of   candour    and 


frankness  between  the  employer  and  the 
worker  ;  by  the  willingness  to  hear  and 
to  wait ;  by  the  closest  possible  touch 
practicable  in  great  factories  between  the 
management  and  the  working  force.  It 
has  been  said  that  corporations  have  no 
souls  :  this  is  a  pity,  if  true,  for  the  men 
in  the  shop  have  souls,  and  the  coming  in 
to  the  minds  and  hearts  of  the  men  that 
run  the  corporations  of  sufficient  soul  to 
give  them  a  basis  for  appeal  to  and  co- 
operation with  the  souls  of  men  at  the 
machines  may  make  the  difference  be- 
tween profit  and  loss  to  the  corporation."" 

Since  I  took  up  my  work  at  the 
Ministry  of  Munitions  it  has  become  in- 
creasingly clear  to  me  that  the  work  of 
the  Welfare  Department  is  largely  one  of 
education.  I  have  come  across  manu- 
facturer after  manufacturer  to  whom  the 
views  I  have  placed  before  you  are  a  new 
gospel.  Some  of  them  receive  it  with 
gladness,  some  with  sus})iciou.  and  some 
with  opposition  the  opposition  of  the 
man  who  is  firmly  convinc»'d  that  what 
was  right  for  his  grandfatlier  cannot  be 
wrong  for  him.  The  susjjicious  men, 
and  those  who  arc  at  first  in  o])position 
to  us,  do  not  really  lack  sympathy  ;  but 
from  one  reason  or  another  they  have  got 
ijito  a  rut,  whicli  has  proved  to  be  a 
grave  to  n\odern  ideas.  Most  of  them, 
I  feel  sure,  can  be  peisuaded  in  time  to 
humanise  the  conditions  in  their  works, 
but  the}-  must  be  ah.sobitely  convimrd 
that  this  is  the  right  thing  to  do  before 
they  change  their  methods.  It  is  im- 
practicable for  my  department  to  conduct 
the  necessary  educational  campaitrn  by 
means  of  individual  conversations.  What 
i'^  needed  is  the  creation  of  a  public 
opinion  throughout  the  country,  which 
regards  the  impersonal  and  mechanical 
method  of  dealing  with  workers  as  out 
of  fashion  and  unwi.se.  and  whicli  de- 
mands a  more  human  relationship  1«- 
tween  employer  and  em])loved. 

I  am  here  to  ask  you  to  hel])  me  in  the 
creation  of  tliis  jiublic  oj»inion.  You 
have  o])portunities  for  doing  this  which 
no  one  else  possesses.  It  is  a  irreat  work 
to  undertake,  and  may  liave  far-reaching 
influences,  not  only  on  the  health  and 
ha])]iiness  of  countless  thousands  of 
workers.  l)ut  upon  the  success  of  British 
industry  in  the  jieriod  of  intense  compe- 
tition which  undoubtedlv  lies  ahead  of  us. 
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DISCUSSION. 


Before  declaring  the  discussion  open 
the  Chairman  (Mr.  L.  Gaster)  read  a 
number  of  letters  received,  expressing 
interest  in  Mr.  Rowntree's  paper,  and 
regret  at  inability  to  be  present  : — 

Viscouut  Haldaxe  :    - 

■■  I  wish  1  ooukl  have  been  present  un  the 
l-lth  to  hear  Mr.  RoMiitrce's  paper,  but  a  public 
engagement  will  detain  me  elsewhere. 

■■  The  subject  is  a  very  important  one  fiom 
the  point  of  view  of  the  training  of  the  future 
generation.  The  work  at  the  Ministry  of 
Munitions  in  which  IMr.  Rowntree  is  engaged  is 
of  special  importance." 

The  Rt.  Hon.  Arthur  Hendeesox, 
M.P.  :- 

"  I  desire  to  acknowledge  the  receipt  of  your 
letter  of  the  31st  of  October,  and  to  express  my 
regret  that  the  pressure  of  official  duties  pre- 
vents me  from  being  present  at  the  meeting  of 
the  Circle  of  Scientific,  Technical,  and  Trade 
Journalists  on  Tuesday. 

"  Mr.  Rowntree's  work  as  Director  of  the 
Welfare  Department  of  the  Ministry  of  Muni- 
tions needs  no  recommendation.  That  work 
marks  a  definite  dejjarture  from  the  view  which 
has  too  often  held  the  field,  viz.,  that  the 
})hysical  well-being  of  his  workers  was  no  concern 
of  the  employer.  From  this  vicious  principle 
Mr.  Rowntree  broke  away,  and  the  results  of  his 
labour  at  York  have  proved  an  object-lesson  to 
all  employers  of  the  pre.sent  day. 

■'  The  Welfare  Department  of  the  Ministry  of 
Munitions  is  doing  work  of  incalculable  value  to 
the  future- well-being  of  our  country. 

■'  I  trust  you  may  have  a  successful  gather- 
ing."' 

8ir  Willta:\i  Lever  : — 

■■  I  know  of  no  one  who  can  better  address 
the  meeting  on  this  subject  than  Mr.  Rowntree. 
He  and  his  firm  have  done  so  much  for  the 
welfare  of  their  staff.  The  whole  basis  of 
welfare  work  consists  in  the  employer  doing- 
something  for  the  benefit  of  his  staff  that  they 
cannot  do  for  themselves.  Only  the  employer 
can  provide  within  the  precincts  of  the  factory 
the  arrangements  on  which  their  welfare  dc- 
IX'uds.  Such  arrangements  do  not  entail  great 
capita]  e.\])ense,  but  they  do  involve  some  little 
thought.  Whatever  capital  and  thought  arc  so 
expended  will  be  amply  rejjaid  by  the  imjaroved 
health,  efficiency   and  happiness  of  the  staff'."" 

-Mr.   H.  ({qrdox  Selfridoe  :-  • 

■  In  this  subject  I  take  a  great  interest.  One 
of  the  great  imderlying  principles  of  manage- 
ment of  large  l»odies  of  (■m)iloyces  is  to  treat 
them  with  tiMiuess  and  justice,  and  also  with 
that  kindly  and  leasonable  consideration  which 
the  manager  would  himself  hope  for  if  he  were 
in  the  place  of  the  employee.  Labour  which  is 
won  through  fear  is  half-hervrted,  but  that  which 


is  won  through  love  and  respect  is  genuine  and 
sincere,  and  if  the  staff  is  led  by  inspiration  it 
will  give  more  nearly  100  ikv  cent,  of  its  possible 
efficiency  than  when  controlled  by  any  other 
method."' 

Sir  Richard  Burbidge  (Managing 
Director,  Harrods  Ltd.) : — 

■"  I  very  much  regret  that  a  prior  engagement 
prevents  my  hearing  Mr.  Rowntree"s  paper. 
Welfare  work  is  always  of  great  interest  to  me, 
and  1  am  convinced  that  any  time  and  thought 
given  by  the  employer  to  studying  the  well- 
being  of  workers  is  amply  repaid  by  increased 
efficiency.  It  may  be  interesting  to  you  to 
know  that  we  consider  the  health  and  comfort 
of  our  employees  in  a  very  practical  way. 
There  are  well-lit  dining-rooms,  comfortable 
rest-rooms,  permanent  nurses'  rooms,  and  a 
visiting  doctor  and  dentist  are  provided.  Some 
five  years  ago  a  training  scheme  was  instituted, 
and  employees  are  given  time  off  during  the  day 
to  attend  classes.  By  analysis  of  the  common 
error  we  are  able  to  provide  classes  in  the 
subjects  which  are  most  needed." 

Mr.  A.  G.  Gardixer  (Editor  of  the 
Daily  News  and  President  of  the  Institute 
of  Journalists)  : — 

■■  The  subject  is  one  of  .supreme  importance 
at  this  moment,  and  I  congratulate  your  Circle 
on  the  advantage  of  being  addressed  by  the 
highest  authority  on  the  question.  I  sincerely 
trust  you  will  have  a  profitable  discussion.'" 

The  Rt.  Hon.  David  Lloyd  George 
(Minister  of  War) 

"regrets  that  owing  to  gi-eat  pressure  he  is 
unable  to  be  present  at  the  meeting." 

Mr.  Montagu  (Minister  of  Muni- 
tions) 

"regrets  that  his  ejigagcments  will  prevent 
him  from  being  present.  He  is  sure,  however, 
that  Mr.  Rowntree"s  well-known  authority  on 
the  subject  with  which  he  is  to  deal  will  secure 
the  success  of  the  meeting."" 

Sir  George  Xewmax  (Chairman  of  the 
Committee  on  the  Health  of  Munition 
Workers)  :-- 


"  e.\))ress(>s     thanks    for    the 
will  not  be  able  to  attend,  a^ 
Scotland  on  official  business."" 


invitation,     but 
he  is  absent  in 


Among  others  interested  in  the  subject 
who  had  been  invited  to  the  meeting,  but 
had  been  unable  to  be  present,  may  be 
mentioned  :  The  Home  Secretary,  Sir 
.Vrthur  Whitelegge  (H.M.  Chief  Inspector 
of  Factories).  Sir  George  Riddell,  Mr.  G. 
H.  Roberts  (Labour  Adviser  to  the  Board 
of  Trade),  Mr.  C.  W.  Bowerman.  M.P.. 
Sir    Hedlev    le    Bas.    Mr.    J.    L.    Garvin 
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(Edito)-  (tf  the  Ohsi'rrer  and  President 
Elect  of  tlie  Institute  of  Jonrnalists).  ?*ir 
.Tames  Yoxall.  Sir  Henry  Trueman  Wood. 
Dr.  Chas.  Carpenter,  Mr.  Arnold  Bennett, 
Mrs.  Sidney  Webb,  Mrs.  H  J.  Tennant, 
■end  Miss  E.  E.  Squire. 

The  Chairman  (Mr.  Gaster)  after 
referring  in  appreciative  terms  to  Mr. 
Rowntree's  interesting  paper,  added  that 
he  would  like  to  endorse  Mr.  Rowntree's 
remarks  regarding  the  value  of  good 
lighting  in  factories,  that  being  a 
subject  in  which  he  was  personally 
concerned.  This  ci[uestion  had  received 
insufficient  attention  for  many  years,  but 
in  1913  the  Home  Office  appointed  a 
Departmental  Committee  to  inquire  into 
the  matter  and,  in  spite  of  the  war,  had 
issued  a  preliminary  Report  in  three 
volumes,  which  was  certainly  far  aliead 
of  anything  published  hitherto.  This 
report  had  received  the  attention 
of  the  Committee  on  the  Health  of 
Munition  Workers,  and  had  been  endorsed 
in  the  bulletins  issued  by  this  Committee. 
Thus,  the  question  of  lighting  was  looked 
upon  as  a  very  important  one  in  welfare 
work  because  it  had  been  clearly  shown 
that  good  lighting  was  influential  in 
increasing  the  output  and  diminishing 
the  number  of  accidents. 

Mr.  A.  J.  MuxDELLA  (Chairman  of  the 
London  of  the  Institute  of  Journalists;, 
who  proposed  a  vote  of  thanks  to  Mr. 
Rowntree,  agreed  as  to  the  great  impor- 
tance of  welfare  work.  The  chief  ques- 
tion was  how  to  obtain  and  train  welfare 
workers.  He  was  confident,  however, 
that  under  Mr.  Rowntree,  with  his  great 
experience  in  this  direction,  a  real  team 
of  efficient  workers  would  grow  up.  It 
was  a  great  sacrifice  and  very  noble  of  him 
to  place  himself  at  the  disposal  of  the 
Government  in  this  matter,and  journalists 
should  now  come  forward  and  do  a  little 
bit  more  towards  the  progress  of  the 
welfare  movement  than  they  had  been 
doing   hitherto. 

Troubles  and  misunderstandings  Ite- 
tween  workmen  and  employers  were 
frequently  exaggerated  in  the  newspapers, 
and  difficulties  were  thus  placed  in  the 
way  of  an  amicable  settlement.  He 
hoped  that  Mr.  Rowntree's  eloquence  and 
impressive  explanation  of  the  situation 


would  encourage  journalists  to  try  to  put 
a  little  more  imagination  into  this  matter 
in  order  to  help  to  bridge  over  the  chasm 
bi'twecTi   emijlover  and   (Miiplovoo. 

Mr.  Gilbert  Wood  (Vice-President  of 
the  Institute  of  Journalists),  who  seconded 
tha  vote  of  thanks,  said  that  although 
they  had  not  all  seen  eye  to  eye  with  i\Ir. 
Rowntree,  or  rather  with  the  suggested 
movement,  in  the  past,  the  position  as  it 
had  been  explained  by  Mr.  Rowntree 
indicated  that  this  difference  of  opinion 
was  very  often  due  to  ignorance. 

It  was  clearly  desirable  to  educate  the 
employer  but  at  the  same  time  the 
employees  also  had  to  be  ediicated.  As 
an  instance  of  tliis,  he  mentioned  that  as 
far  back  as  25  years  ago  a  big  firm  of 
printers  suddenly  came  to  the  conclusion 
that  their  place  was  unhealthy  and 
decided  to  make  improvements ;  an 
expensive  system  of  ventilation  was  put 
in,  but  the  em])loyees  did  not  recognise  its 
value  and  within  a  week  the  whole  of  the 
ventilators  were  stuffed  u})  and  the  ])lace 
was  more  unhealthy  than  it  was  before. 

With  regard  to  the  class  of  employer 
who  said  that  what  was  good  enough  for 
liis  grandfather  was  good  enough  for  him, 
imfortunately  that  type  of  man  now- 
adays often  did  not  even  go  through  the 
works  as  did  his  grandfather,  but  went  to 
a  university  instead  and  came  back  to 
take  control  of  a  business  of  which  he 
knew  nothing.  It  was  im])ossible  for  a 
man  of  this  type  to  realise  what  was 
necessary  for  the  benefit  of  the  work- 
people and  the  difHculties  with  which 
they  had  to  contend.  Therefore,  the 
welfare  movement  mu.st  aim  at  making 
the  welfare  su])ervisor  fill  the  place  of 
the  master  in  such  matters,  introducing 
the  element  of  personal  contact  that  was 
characteristic  of  relations  between  master 
and  man  in  the  old  days. 

Mr.  A.  T.  Dale,  as  an  employer  who 
had  at  one  time  5,000  men  working  for 
him,  agreed  that  the  old  personal  contact 
between  master  and  man,  when  most  of 
the  employees  were  called  by  their 
Christian  names,  led  to  better  relations 
between  them  than  did  the  j)resent 
conditions  of  large  factories  in  which  the 
employers  could  not  possibly  know  their 
workpeople.     Everything  should  be  done 
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to  create  good  feeling  not  onlv  between 
the  employees  and  the  employers,  but 
amongst  the  employees  themselves  and 
it  was  in  this  direction  that  welfare  work- 
must  play  an  important  part. 

Mr.  G.  Bellhouse  (Factory  Dept., 
Home  Office)  said  Mr.  Rowntree  in  his 
work  at  the  ^linistry  of  Munitions  was 
laying  the  foundation  for  a  system  which 
must  be  a  permanent  feature  in  the 
future.  The  conditions  }'ears  ago  when 
factories  were  small  were  very  different 
from  those  of  the  big  joint-stock  com- 
panies of  to-day,  and  it  was  becoming 
more  and  more  necessary  for  welfare 
work  to  be  developed  in  ^vorkshops  and 
factories. 

One  of  the  chief  points  in  Mr.  RowTitree's 
paper  was  the  need  for  education.  He 
was  quite  satisfied  that  if  this  work  was 
going  to  be  a  success  a  vast  amount  of 
education  would  have  to  be  carried  out. 
It  was  necessary  to  educate  the  employer, 
because  there  were  no  doubt  some 
employers  who  looked  upon  welfare  work 
as  ■■  philanthropic  rot."  Then  it  was 
necessary  to  educate  the  welfare  super- 
viser,  because  it  was  not  practicable  to 
put  any  man  or  woman  to  this  work 
without  proper  education.  The  work 
required  infinite  tact,  for  the  supervisor 
had  to  act  in  a  sense  as  a  go-between 
between  the  employer  and  operative 
without  representing  cither,  and  must 
obtain  the  confidence  of  both. 

Then  it  was  necessary  to  educate  the 
operatives  because  at  the  present  time 
some  were  looking  with  considerable 
suspicio)!  upon  welfare  work.  They  did 
not  quite  know  what  it  all  meant  and 
argued  that  if  the  employer  })Ut  a  welfare 
supervisor  in  the  Avorks  at  a  salary  of 
£250  a  year  he  must  be  getting  some- 
thing out  of  it  and  out  of  themselves. 
That  arose  from  a  misconception  of  the 
real  nature  of  welfare  work.  To  counter- 
act such  impressions  it  was  necessary  to 
create  a  public  opinion  in  favour  of 
welfare  work  ;  otherwise  it  might  become 
unpopular  and  even  a  failure.  There 
was  little  doubt  that  welfare  wijrk  had 
received  during  the  war  a  stimulus  such 
as  it  had  never  had  before,  and  Mr. 
Rowntree  was  one  of  the  principal  agents 
who  had  brought  this  stimulating  influence 
to  bear. 


Mr.  E.  H.  Pelham,  Secretary  of  the 
Committee  on  the  Health  of  Munition 
Workers,  regretted  that  the  Chairman  of 
this  Committee  had  been  prevented  from 
being  present.  He  would  like  to  say, 
liowever,  that  great  credit  was  due  to 
Mr.  Rowntree  for  initiating  the  work 
donp  in  this  direction. 

Mr.  A.  P.  M.  Flemixg  said  that  there 
were  two  aspects  of  welfare  work — one 
was  materialistic,  and  the  other,  for  want 
of  a  more  appropriate  term,  might  be 
called  the  ethical  aspect. 

By  the  materialistic  aspect  he  referred 
to  the  preparations  made  for  improving 
the  well-being  and  physical  comfort  of  the 
worker  such  as  had  been  set  forth  in  the 
paper.  In  this  connection  he  ^vould  refer 
to  those  researches  relating  to  the  physio- 
logical and  psychological  conditions 
governing  fatigue,  and  which  relate  to  the 
efficiency  of  workers.  Considerable  work 
had  already  been  done  in  this  matter  and 
discussed  at  the  last  two  meetings  of  the 
British  Association,  and  he  hoped  that  a 
great  deal  more  research  work  of  this 
character  would  be  carried  out  in  future, 
since  it  afforded  the  most  promising 
means  of  solving  scientifically  ])roblems 
that  are  at  present  attempted  by  mere 
guess  work. 

By  the  ethical  aspect,  he  had  in  mind 
the  development  of  an  inherent  desire  on 
the  part  of  workers  for  improved  hygienic 
and  environmental  conditions  in  factories 
in  place  of  a  complacent  acceptance,  which 
at  present  ))re vails  on  the  part  of  a  large 
mass  of  workers  of  any  conditions — good 
or  bad  in  which  they  find  themselves. 
The  time  at  which  to  start  the  develop- 
ment of  the  ethical  side  of  welfare  work 
is  not  with  the  adult  worker,  but  with  the 
boy  or  girl  just  prior  to,  and  for  a  few 
years  subsequent  to,  leaving  school,  for 
while  much  can  be  done  to  develop  good 
habits  in  adult  workers  by  suitable  en- 
vironnient.  it  must  be  remembered  that 
in  many  industries  such  workers  are  often 
migratory,  and  the  good  effects  of  a  well- 
equipped  factory  are  readily  lost.  In 
])articulav,  attention  paid  to  the  develop- 
ment of  the  social  interests  of  boys  by 
encouraging  sports  and  other  social 
activities,  is  likely  to  have  far-reaching 
effects  in  imparting  a  desire  for  suitable 
working  environment. 
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Dr.  E.  L.  CoLLis,  also  a  member  of 
the  Committee,  spoke  in  terms  of  admira- 
tion of  Mr.  Rowntree's  work.  He  men- 
tioned, as  an  instance  of  the  value  of 
personal  interest  in  employees,  the  case 
of  a  young  foreman  whom  he  met  again 
after  eight  years  but  did  not  recognise-. 
It  appeared,  however,  that  some  words 
of  encouragement  of  his  given  to  this 
young  man  eight  years  before  had 
remained  in  his  mind  and  served  him  in 
good  stead,  for  he  had  made  )'apid 
progress  and  had  been  made  foreman  at 
a  very  early  age. 

Miss  L.  E.  Patterson  said  she  had 
been  immensely  struck  during  a  tour  of 
factories  by  the  enormous  infliience  of  the 
women  supervisors  on  the  girls  and 
women.  They  were  quite  willing  to  come 
to  the  supervisor  and  state  any  grievances, 
and  had  found  her  of  the  greatest  service 
to  them.  This  welfare  work  was  of 
niestimable  benefit  in  munition  factories, 
where  she  had  found  the  women  workers 
were  extremely  happy.  Similarly  the 
hostels  were  admirably  organised.  In 
one  instance  there  was  a  woman  doctor 
who  told  her  that  not  only  did  the  work- 
people come  to  her  for  advise  in  the 
ordinary  way  at  the  works,  but  they  also 
consulted  her  on  many  of  their  worries 
and  troubles  in  home  life. 

Miss  A.  A.  Smith,  who  had  also  visited 
a  lai-ge  number  of  factories  in  company 
with  Miss  Patterson,  expressed  her  ad- 
miration of  the  great  infliience  exerted, 
not  very  demonstratively,  but  absolutely 
and  sympathetically  by  the  lady  su])er- 
visor  in  charge.  It  gave  her  great 
])leasure  also  to  hear  Mr.  Rowntrec.  and 
the  other  speakers  recognise  tlie  Aery 
great  service  that  had  been  done  by 
women  in  public  life.  But  would  Mr. 
Rowntree  sweep  away  the  impression 
which  had  gained  ground  in  certain 
quarters  that  the  assistance  of  the 
welfare  worker  was  being  paid  for  out  of 
the  employees  ?  Also  would  he  hitaiv 
whether  there  were  as  many  men  welfare 
workers  as  women  and  were  the  women 
welfare   workers  paid  equally    with    th<' 


Mr.  S.  R.  LiTTLEWOoi)  spoke  of  an 
instance  of  conflict  of  interest  between 
those  responsible  for  the  erection  of  a 


picture  palace  in  connection  with  one  of 
the  large  munition  factories  and  the  local 
Y.M.C.A..  who  looked  upon  this  step 
with  disfavour.  At  the  same  time  it 
frequently  happened  that  when  there 
were  no  such  picture  palaces  an  enormous 
number  of  young  people  who  were  now 
at  work  on  munitions  flooded  into  the 
towns  and  were  without  any  means  of 
recreation    at    all. 

Miss  BpvIdey  O'Reilly  said  that  many 
educated  women  suitable  for  the  post  of 
welfare  supervisor  were  unable  to  accept 
the  positions  on  account  of  the  length 
of  hours  which  many  employers  seemed 
to  think  they  should  work.  They  were, 
however,  quite  willing  to  work  half  the 
number  of  hours  for  half  the  salary. 
Would  it  not  be  possible  to  appoint  two 
supervisors  to  cover  the  factory  hours, 
one  working,  say,  from  7  a.m.  to  1  p.m., 
and  the  other  from  1  p.m.  to  7  p.m.  ? 

The  vote  of  thanks  was  then  put  to  the 
meeting  and  carried  with  acclamation. 

Mr.  RowxTREE,  replying  briefly  to 
some  of  the  points  raised,  dealt  first  with 
the  education  of  employees  as  to  the 
advantages  of  welfare  conditions.  He 
quite  agreed  that  this  education  is  neces- 
sary, but  it  was  most  important  that  they 
should  not  expect  gratitude  from  the 
workers.  Welfare  conditions  were  really 
not  charity.  They  were  nothing  more 
than  a  fulfilment  of  the  reasonable  re- 
sponsibilities of  the  employer,  a)id  if  those 
interested  entered  U()on  the  work  with  the 
idea  that  they  were  ])articularly  virtuous 
])ers()ns  and  exjx'cted  gratitude  from  the 
i'mj)lovees  they  were  b(»und  to  be  dis- 
appointed. Nevertheless,  the  education 
of  employees  was  necessary  to  enable 
them  to  appreciate  these  things,  and  it 
was  quite  as  important  as  the  (>ducation 
of  the  employer. 

With  regard  to  sweeping  away  the  idea 
that  the  welfare  supervisor  was  paid  out 
of  the  wages,  he  knew  that  the  work  was 
looked  upon  with  a  considerable  amount 
of  suspicion  by  trade  union  leaders  who 
thought  it  was  an  attempt  to  side-track 
trade  unionism,  and  to  give  the  workers 
little  lollipops  and  presents  in  place  of 
substantial  rewards  for  their  labour.     It 
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was,  however,  very  iinportai)t  indeed  that 
it  should  be  understood  that  it  was 
nothing  of  tlie  kind.  This  was  not  an 
attempt  to  interfere  with  the  organisation 
of  labour,  and  had  nothing  whatever  to 
do  with  any  attempt  to  pacify  workers, 
and  get  them  to  be  contented  with  con- 
ditions which  were  unsatisfactory.  8ome 
of  the  employees  had  the  feeling  that  the 
supervisor  was  paid  out  of  their  wages, 
and  was  put  into  the  works  merely  in 
order  to  get  more  work  out  of  them,  but 
that,  of  course,  was  not  the  case. 

Welfare  supervision  had  not  been  intro- 
tluced  to  get  more  out  of  the  workers. 
It  was  based  primarily  on  the  idea  that 
the  men  and  women  employed  nuist  have 
theirconditions  of  employment  considered, 
and  although  incidentally  it  had  been 
found  that  this  consideration  for  their 
employees  paid  the  employers,  yet  he 
was  sure  it  had  not  been  ])rimarily 
introduced  because  it  paid.  On  the 
other  hand,  it  was  not  done  as  j)hilan- 
thropy,  but  )nerely  as  a  ])iece  of  business 
organisation. 

With  regard  to  men  supervisors  and 
their  salaries,  he  had  j)lenty  of  vacancies, 
but  unfortunately  nearly  all  the  men 
were  engaged  in  Fraru'c.  He  could  place 
a  dozen  good  men  to-nu)rrow  if  he  had 
them,  and  if  any  one  knew  a  good  man 
would  they  send  him  along  to  the  Ministry 
of  Munitions  t  W'ith  regard  to  salaries, 
broadly  speaking,  they  were  about  on  the 
same  scale  for  the  women  as  for  the  men, 
although  he  knew  of  one  case  where  the 
head  woman  supervisor  got  exactly  double 
the  salary  of  the  head  man. 

The  need  for  recreation  mentioned  bv 
Mr.  Littlewood  was  a  very  imjiortant 
matter,  and  he  was  glad  it  had  been 
mentioned  because  the  whole  qiu'stion  of 
recreation  was  now  beino-  dealt  with  by 
the  Welfare  Departmoit  at  the  Ministry 
of  Munitions.  They  had  already  begun 
to  organise  in  certain  munition  centres 
recreation.  They  were  encouraging  the 
people  to  provide  their  own  recreation 
and  entertainments,  and  he  discouraged 
the  idea  that  they  should  have  ready- 
made  entertainments  flung  at  them.  He 
hoped  that  would  be  developed  on  an 
extended  scale. 

As  to  length  of  hours  for  the  super- 
visors, that  was  really  a  matter  which 
each  employer  must  determine.     Tt  was 


a  condition  of  employment  which  he 
must  make  with  the  supervisor.  What  ho 
thought  was  reasonable  was  that  these 
supervisors  should  work  what  lie  would 
call  office  hours.  The  work  of  the 
welfare  supervisor  was  very  arduous, 
because  he  or  she  was  always  giving  out 
sympathy,  and  there  was  nothing  more 
wearying  than  that.  It  certainly  could 
not  be  done  for  twelve  hours  on  end, 
and  he  therefore  suggested  office  hours, 
whatever  they  might  be  according  to  the 
district.  Many  employers  did  exjiect 
the  welfare  workers  to  keep  the  same 
hours  as  the  factory  employees,  but  he 
considered  these  were  often  too  long. 

As  to  having  two  people  to  work 
through  the  day,  he  thought  that  such  a 
scheme  would  result  in  them  being  looked 
upon  as  amateurs.  The  girls  would  say 
that  if  they  could  "  stick  "  twelve  hours 
of  it,  there  was  no  reason  why  the  welfare 
supervisor  could  not,  and  on  the  face  of 
it  that  was  a  sound  criticism. 

He  was  glad  that  Mr.  Bellhouse  had 
supported  the  work.  He  w'ished  to  make 
it  clear  that  the  ideas  he  (Mr.  Rowntree) 
had  been  putting  forward  had  not 
originated  with  himself.  He  was  merely 
the  humble  agent  of  others  who  wished 
those  ideas  })ut  forward,  but  they  would 
not  fructify  throughout  the  length  and 
breadth  of  the  land  unless  there  was  a 
public  opinion  which  demanded  this 
attitude  on  the  ])art  of  employers  towards 
their  employees.  The  Home  Office  could 
not  do  it,  the  Health  of  Munition  Workers 
Committee  could  not  do  it,  and  the 
Ministry  of  Munitions  could  not  do  it. 
They  could,  it  was  true,  send  a  travelling 
inspector  down  to  speak  to  any  particular 
employer,  and  that  might  make  a  little 
bit   of  impression. 

But  the  only  way  to  do  it  thoroughly 
and  universally  w^as  by  getting  a  public 
opinion  throughout  the  country,  and  the 
only  people  who  could  do  this  were  those 
with  influence  in  the  Press.  If  the  Press 
demanded  that  such  an  attitude  should  be 
displayed  by  employers,  it  would  be 
an  enormous  help.  Therefore,  he  most 
earnestly  asked  those  who  had  power  and 
influence  in  the  Press  to  develop  the  right 
atmosphere  for  such  ideas  as  he  had  had 
the  privilege  of  putting  before  the 
meeting. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

— •  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting 
installations,  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  Is  Included  information  supplied  by  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


A  NEW  BRITISH  INDUSTRY. 

Heat-Resisting  Glassware  for  Lamps  and 
Lighting  Appliances. 

During  this  year  Messrs.  Chance 
Brothers  and  Co.,  Limited  (Glass  Works, 
near  Birmingham),  have  devoted  much 
energy  to  estabUshing  in  their  works  the 
manufacture  of  glass  of  heat-resisting 
qualities,  such  as  is  required  for  globes  for 
intensive  lighting,  and  which,  previous  to 
the  War,  were  only  to  be  obtained  from 
enemy  countries.  In  taking  up  this 
entirely  new  branch  of  the  glass  trade, 
Messrs.  Chance  were  influenced  chiefly  by 
the  urgent  representations  made  to  them 
by  the  Board  of  Trade. 

We  understand  that  they  have  suc- 
ceeded in  making  a  glass  similar  to  the 
Jena  glass,  and  are  to-day  sending  out 
globes  which  are  proving  in  every  respect 
equal  to,  or  better  than,  the  German  pro- 
duct, and  that  they  are  now  seriously 
going  into  the  trade  on  permanent  com- 
mercial lines. 

Z  ELECTRIC  LAMPS. 

An  attractively-got-up  pamjjhlet  has 
been  issued  by  the  Z  Electric  Lamp  Co., 
Ltd.  (Southfields,  London,  S.W.).  In  the 
introduction  it  is  pointed  out  that  the 
War  has  shown  the  necessity  of  this 
country  being  self-supporting  in  vital 
supplies,  such  as  lamps  and  accessories 
for  artificial  light  ;  since  the  outbreak  of 
War  there  has  been  an  increased  demand 
for  British  goods  of  this  kind. 


B.T.H.  INCANDESCENT  ELECTRIC 
LAMP  HANDBOOK. 

The  Incandescent  Electric  Lamp  Hand- 
book (No.  1),  now  issued  by  the  British 
Thomson-Houston  Co.,  Ltd.,  is  of  a  handy 
pocket-size,  and  contains  a  great  deal  of 
useful  information.  Illustrations  of  all 
the  chief  lamps  (one-third  full  size)  are 
shown  on  the  left-hand  pages,  with  corre- 
sponding particulars  of  wattage,  candle- 
power,  size  of  bulb,  etc.,  facing  them  on 
the  right  hand.  There  is  also  a  complete 
list  of  definitions  of  terms  used  in  the 
incandescent  lamp  trade. 

The  list  includes  an  explanation  of  the 
"  Lumen,"  and  it  is  pointed  out  that 
there  is  a  growing  tendency  to  describe 
the  performance  of  a  lamp  in  terms  of 
"  lumens  per  watt  "  rather  than  "  watts 
per  candle."'  We  notice  that  through- 
out the  booklet  values  in  lumens  as  well 
as  watts  per  candle  are  given,  while  the 
general  table  of  candlepower  values 
(p.  14)  gives  the  watts,  watts  per  candle, 
mean  hor.  candlepower,  total  limiens, 
lumens  per  watt,  and  spherical  reduction 
factor.  The  booklet  is  completed  by 
particulars  of  the  dimensions  of  standard 
lamp  caps,  both  of  the  screw  and  bayonet 
type. 

ILLUMINATING    ENGINEER    REQUIRED. 

Illuminating  Engineer  (Ineligible)  wanted 
for  Laboratory  and  Lighting  Specification 
work.  Apply  with  full  particulars  as  to 
experience  and  salary  required  to  "  Illae," 
c/o  Illuminating  Engineer,  32,  Victoria 
Street.  S.W. 
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SEARCHLIGHT     PROJECTORS. 


The  latest  list  of  searchlight  projectors 
issued  by  Messrs.  Crompton  and  Co. 
contains  evidence  of  the  rapid  develop- 
ments in  this  field.  Some  of  the  most 
interesting  developments,  however,  natur- 
ally cannot  be  referred  to  at  the  present 
time  (we  notice,  for  example,  the  omission 
of  several  illustrations  in  deference  to 
the  Defence  of  the  Realm  Act). 

Of  special  interest  are  the  constant 
improvements  being  made  in  appliances 
for  the  manipulation  of  searchlights 
and  their  elevation  in  different  directions. 
We  observe  in  this  list  rows  of  24  in. 
anti-aircraft  projectors  and  compact 
forms  of  motor  field  service  equipment. 
A  convenient  form  of  mobile  projector 
is  shown  in  Fig.  2.  Among  the  various 
special  attachments  may  be  mentioned 
motor-controlled  flashing  shutters,  Par- 
sons Split  Mirrors,  cable  carts,  petrol 
generating  sets,  &c. 

Wliile  most  of  the  illustrations  naturally 
refer  to  types  of  searchlights  specially 
adapted  to  war  requirements  it  is  of 
interest  to  note  that  they  have  many  other 
special  applications  in  peace  both  for 
marine  work  and  on  land.  Small  pro- 
jectors, for  example,  may  be  fitted  to 
river  steamboats,  and,  as  Fig.  3  suggests, 
searchlights  are  often  useful  for  facilitating 
night  operations  in  mining  work. 

We  notice  that  reference  is  made  to 
•'  the  absence  of  any  recognised  standard 


Fig.  1. — Anti-Aircraft  Projector. 

as  a  basis  of  comparison  for  the  effective 
range "  of  searchlights,  and  the  view 
is  expressed  that  the  relative  merits  of 
searchlights  cannot  conveniently  be  ex- 
pressed in  terms  of  candle-power.  We 
recognise  the  difficulties,  but  it  is  surely 
desirable  that  some  common  method  of 
expressing  the  illmninating  effect  on  a 
distant  object  should  be  available.  We 
hope  that  manufacturers  will  not  overlook 
this  possibility.  This  matter  deserves 
closer  investigation.  Considerable  pro- 
gress in  the  desired  direction  has  already 
been  made  and  the  problem  may  prove 
less  difficult  of  solution  than  is  commonly 
supposed. 
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Fig,  2. —  Complete  Mobile  Projector  Equipment. 


Fig.  3. — Projectors  for  Night  Operations  in  Mines. 
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CORRESPONDENCE. 


To  the  Editor  of  the  Illuminating 
Engineer 

COST    OF    DAYLIGHT    vs.    ELECTRIC 
LIGHT. 

Dear  Sir, 

There  seems  to  be  so  much  mis- 
apprehension, particularly  amongst  archi- 
tects, as  to  the  point  that  daylight  costs 
nothing,  and  so  much  tendency  to  sacrifice 
valuable  space  to  secureday  light  illumin- 
ation when  artificial  lighting  could  provide 
illumination  far  more  efiectively  and 
cheaply,  that  I  would  like  you  to  give  me 
sufficient  space  in  your  columns  to 
publish  the  following  letter  written  by 
Mr.  M.  Luckiesh  of  the  Laboratories  of 
the  National  Electric  Lamp  Association 
of  Cleveland,  to  the  Lighting  Journal  of 
New  York. 

"  In  lighting  discussions  it  is  not  un- 
common to  hear  such  statements  as  this  : 
'  A  great  virtue  of  daylight  is  that  it 
costs  nothing.'  Outdoors  this  is  usually 
true,  but  in  the  vast  field  of  human 
activities  where  artificial  light  aids  and 
competes  with  natural  light,  such  a 
statement  is  absurd.  From  the  stand- 
point of  construction,  openings  such  as 


windows  and  skylights  are  not  costless 
In  other  words,  interest  upon  a  permanent 
investment  as  well  as  a  maintenance  cost 
must  be  charged  to  the  daylighting,  and 
therefore  at  once  it  ceases  to  be  free  from 
cost.  Fuithermore,  when  the  value  of 
land,  especially  in  large  cities,  is  con- 
sidered, a  light  court  in  the  middle  of  a 
multi-storied  building  adds  to  the  cost 
of  daylight.  In  such  a  case  a  large  area 
of  rental  space  is  sacrificed  for  the  purpose 
of  admitting  daylight,  and  it  appears 
that  the  cost  of  daylight  would  not  be 
inconsiderable.  Of  course,  light  courts 
provide  ventilation,  but  it  seems  possible 
that  ventilation  could  be  provided  with- 
out such  a  great  sacrifice  of  space. 

"  The  discussion  could  be  carried 
further  to  the  consideration  of  valuable 
wall  space  in  stores  where  rental  prices 
are  high,  and  possibly  even  in  factories. 

"  By  no  means  is  this  comment  designed 
to  suggest  the  abolishment  of  daylight 
even  in  cases  where  it  might  be  found  too 
costly,  but  rather  to  suggest  that  some 
architect,  who  may  have  figures  available, 
favour  us  with  a  discussion  of  the  cost  of 
daylight." 

Yours,  &c., 

F.   W.    WiLLCOX. 


ROYAL    SOCIETY    OF   ARTS. 

Sessional  Arrangements. 

The  programme  for  the  coming  session 
contains  many  interesting  items.  There 
are  lectures  on  such  subjects  as  "  The 
Economic  Development  of  Russia,"  "  The 
Coal     Tar     Industry,"     "  Classical     and 


Scientific  Education,"  "  The  World's 
Cotton  Supply,"  "  German  Business 
Methods,"  etc.  The  Howard  Lectures 
are  to  be  delivered  by  Prof.  J.  S.  S. 
Brame,  on  "  Coal  and  its  Economic 
Utilisation,"  and  by  Professor  W.  Eipper 
on  "  Works  Organisation  and  Efficiency." 
The  Cantor  Lectures  will  be  by  Prof. 
Beresford  Pite  on  "  Town  Planning  and 
Civic  Architecture." 
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REVIEW    OF    BOOKS. 
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Span's  Electrical  Pocket  Book,  by  W.  H. 
Molesworth.  {Messrs.  E.  and  F.  N. 
Span,  Ltd.,  57,  Haymarket,  London, 
S.W.  1916.  6s.  net.  488  pp.,  325 
illustrations. ) 

This  little  booklet  contains  a  great  deal 
of  useful  condensed  information.  There 
is  a  liberal  allowance  of  illustrations,  and 
an  adequate  index. 

The  early  part  of  the  book  is  devoted 
to  the  visual  mathematical  and  conversion 
tables,  logarithms,  &c.,  after  which  we 
have  particulars  of  electric  mains,  and 
sections  on  Insulation  and  Resistance, 
Continuous  and  Alternating  Machinery, 
Electrochemistry,  Traction,  &C.  One  inter- 
esting feature  is  the  reproduction  of  the 
Italian  graphic  symbols,  with  appropriate 
Italian,  English  and  French  wording 
applied  to  represent  various  instruments, 
appliances  and  conditions  in  electrical 
technology. 

In  the  section  on  lighting  the  matter 
is  brought  up  to  date  by  the  inclusion  of 
data  on  the  gas-filled  lamps,  and  even 
the  recently  introduced  arc-incandescent 
lamp.  Some  figures  for  the  illumination 
of  various  classes  of  premises  and  the 
lighting  of  streets  and  railways  are  also 
given.  The  data  on  railways,  however, 
appear  to  be  taken  from  information 
published  in  1906  and  might,  perhaps,  be 
supplemented  by  particulars  from  more 
recent  papers  loefore  the  Illuminating 
Engineering  Society.  Similarly,  in  regard 
to  streets,  the  classification  in  the  Draft 
Standard  Specification  for  Street  Lighting 
might  be  included.  Some  fuller  reference 
to  industrial  lighting  and  the  Report  of 
the  Home  Office  Departmental  Com- 
mittee would  also  be  welcome.  Finally 
it  may  be  suggested  that  the  design  of 
reflectors,and  their  division  into  extensive, 
intensive,  and  focussing  types  might,  in  a 
future  edition,  be  explained. 

The  section  of  tramwaAs  and  electric 
railways  appears  to  be  fully  dealt  with, 
and  the  work  is  concluded  by  a  repro- 
duction .of  the  I.E.E.  wiring  rules. 


PUBLICATIONS     RECEIVED. 

The  Transactions  of  the  Illummatinq 
Engineering  Society  (U.S.A.)  for  October 
contam     papers     on     the     following:— 

Lightmg  in  the  Army,'  '•  The  Selection 
of  a  Standard  Unit  in  Commercial 
Lightmg,"  "The  Artificial  Illumination 
of  Interiors  as  related  to  Architecture  and 
Decoration :  Gas  Lighting  in  a  Cathedral. " ' 


The  Journal  of  the  Franklin  Institute 
(October)  contains  an  interesting  address 
by  Mr.  ^^^alton  Clark  entitled  •  A  Century 
of  Light,"  tracing  the  development  of 
illumination  in  the  United  States  since 
1815. 


Among  recent  bulletins  of  the  Bureau 
of  Standards  may  be  noted  : — No.  60  on 
■'  Electric  Units  and  Standards,"  in 
which  the  evolution  of  the  various  units 
is  explained  and  the  practice  of  various 
countries  summarised  ;  No.  292  on 
■  International  System  of  Electric  and 
Magnetic  L'nits,"  a  suggestive  contri- 
l)ution  by  J.  H.  Dellinger,  forming  a 
useful  supplement  to  the  above  :  and 
No.  277  on  "  An  Interlabnratory  Photo- 
metric Comparison  of  (ilass  Screens  and 
Tungsten  Lamps  involving  Colour  Differ- 


The  Proceedings  of  the  Anirricati  Philo- 
sophical Society  (Vol.  LV..  No.  6.  191H) 
contains  a  contribution  by  Dr.  E.  D. 
Nichols  on  the  '"  Phosphorescence  of 
certain  Metallic  Sulphides." 


Colour  (October,  1916)  contains  a  series 
of  striking  coloured  reproductions  of 
landscapes  and  studies  of  various  kinds. 
The  "  Portrait  of  an  Eastern  Dancer  "  is 
not  without  interest  as  an  example  of 
spectacular  lighting  effects. 
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FATIGUE,  AND  ITS  EFFECTS  ON 
INDUSTRY  AND  EFFICIENCY. 

{Chadwick  Public  Lectures,  delivered  on 
October  27th,  November  Srd,  and  Novem- 
ber 10th,  by  Professor  E.  Stirling,  M.D., 
D.Sc,  LL.D.) 

These  lectures,  which  were  delivered 
before  a  numerous  and  appreciative 
audience  at  the  Royal  Society  of  Arts, 
were  devoted  respectively  to  (1)  The 
Physiological  Basis  of  Fatigue  ;  (2)  Some 
Industrial  Aspects  of  Fatigue  ;  and  (3) 
Fatigue — a  Universal  Phenomenon  of 
Life. 

It  was  shown  how  even  the  simplest 
operations  cause  faitgvie  of  the  muscles, 
the  brain,  or  the  senses,  how  recuperation 
takes  place,  and  how,  if  the  strain  is  too 
severe  or  prolonged,  the  recovery  is  pro- 
portionately slow.  One  of  the  many 
ingenious  devices  for  measuring  fatigue 
is  the  ergograph,  bj'  means  of  which  the 
power  of  raising  a  weight  by  the  fingers 
is  graphically  recorded.  Professor  Stir- 
ling showed  a  great  niunber  of  diagrams 
obtained  in  this   way,   many   of    which 


illustrated  the  effect  of  excessive  fatigue 
in  diminishing  the  available  muscular 
effort  and  retarding  the  recovery  to  a 
normal  state.  Others  showed  the  long- 
continued  effects  of  a  muscular  strain, 
and  the  lowered  vitality  resulting  from 
semi-starvation  and  insufficient  sleep. 

All  of  this  has  a  direct  bearing  of 
factory  operations,  and  the  lecturer  was 
able  to  show,  by  such  diagrams,  how 
important  it  is  to  allot  periods  for  re- 
cuperation on  a  scientific  plan,  in  order 
to  get  the  maximum  output.  Some  in- 
structive diagrams  were  presented,  based 
on  data  obtained  both  in  British  and 
French  factories,  showing  how  with  in- 
creasing hours  of  work,  the  output  be- 
comes stationary  and  even  falls  off ; 
how  accidents  tend  to  rise  steadily  after 
the  interval  for  refreshment,  and  tend  to 
a  maximvim  about  5  p.m.,  shortly  before 
the  working  day  terminates.  Equally 
interesting  was  a  diagram  indicating  how 
the  output  of  workers  is  prejudicially 
affected  by  over-indulgence  in  alcohol. 

The  lecture  was  illustrated  by  cine- 
matograph films,  showing  operations  in 
munition  factories,  and  the  conditions  in 
and  behind  the  trenches  at  the  Front. 


HEALTH  AND  HYGIENE. 

A  leaflet  under  the  above  title,  issued 
by  the  Incorporated  Institute  of  Hygiene, 
contains  a  variety  of  interesting  notes, 
written  in  a  conden.sed  but  poptilar 
manner,   relating   to   health. 

It  is  stated  that  in  Germany  a  serious 
form  of  blood-poisoning,  due  to  con- 
tinual feeding  on  preserved  foods  ("tin- 
sickness  "),  has  been  making  its  appear- 
ance ;  that  soft  caoutchovic  artificial  eyes 
are  now  being  substituted  for  glass  on 
account  of  their  greater  convenience  and 
flexibility ;  that  recent  Zeppelin  raids 
have  annoyed  the  cows,  and  prejudicially 
affected  the  supply  of  milk  ;  that  while 
many  rich  people  are  economising  by 
baying  margarine  instead  of  butter,  many 
workers,  who  are  receiving  higher  wages 
than  before,  are  doing  the  exact  reverse. 


Assets  exceed 
£2,500,000. 


Claims  paid 
over  £8,500,000. 


By  Appointment. 


GENERAL 

Accident  Fire  and  Life 
ASSURANCE    CORPORATION,   Ltd. 

General    Buildings,  Perth,  Scotland. 

General  Buildings,  Aldwycli,  London. 

Establuhed  1885. 


WAR    ECONOMY. 


Ill  consequence  of  the  War,  the  cost  of 
building  material  and  labour  has  increased 
nearly  50  per  cent.  All  owners  of  property 
should  therefore  increase  their  Fire  Insur- 
ances ;  this  they  can  do  at  little  or  no 
extra  cost  by  taking  a  P'ire  Bonus  Policy 
with  this  Corporation,  and  thus  effect  a 
saving  of  20  per  cent,   of  each   premium. 

Particulars  on  receipt  of  post  card  at 
either  of  the  above  Offices. 

V.  NORIE-MILLER,  J.P. 

General  Manager. 
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COUPON    INSURANCE    TICKET 

Applicable  only  within  the  United  Kingdom. 

GENERAL 

ACCIDENT    FIRE     AND     LIFE 

ASSURANCE     CORPORATION,     LXD., 

Chief  Offices— 

GENERAL   BUILDINGS,    PERTH.  SCOTLAND. 

GENERAL   BUILDINGS,  ALDWYCH,   LONDON,  W.C. 

P.   NORIE-MILLER,  J. P.,  General  Manager, 

To  whom  Notice  of  Claims  under  the  following  conditions  must  be  sent  within 
seven  days  of  accident. 


£290 


TWO  HUNDRED  AND  FIFTY  POUNDS  will  be  paid  by  the  above  Corpomtion  to 
the  legal  personal  representatives  of  any  person  who  is  killed  by  an  accident  causing 
material  damage  to  the  passenger  train  in  which  the  deceased  was  travelling  as  a  ticket 
bearing  or  paying  passenger,  or  who  shall  have  been  fatally  injured  thereby,  should  death  result 
within  one  calendar  month  after  such  accident.  Provided  tiiat  the  person  so  killed  or  injured 
had  upon  his  or  her  person,  or  had  left  at  home  this  coupon,  with  his  or  her  usual  signature, 
written  prior  to  the  accident,  in  the  space  provided  below,  which,  together  with  the  giving  of 
notice  within  seven  days  to  the  above  Corporation  is  the  essence  of  this  contract. 

This  Insurance  only  applies  to  persons  over  14  and  under  65  years  of  age,  is  subject  to  the 
conditions  stated  above  and  contained  in  the  General  Accident  Fire  and  Life  Assurance  Corpora- 
tion Act,  1907,  and  holds  good  for  the  current  month  of  issue  only. 

No  person  can  recover  under  more  than  one  Coupon  Ticket  in  respect  of  the  same  risk. 

Stgnatiirc  

This  Coupon  must  not  be  cut  out  but  left  intact  in  The  Illuminating  Engineer  as  that, 
being  dated,  forms  the  only  evidence  of  its  currency. 


THE  ILLUMINATING  ENGINEER  (nov.    1916) 


HEALTH    OP     MUNITION    WORKERS' 
COMMITTEE. 

Two  additional  bulletins  have  been 
recently  issued  by  this  Committee. 
Memorandum  No.  11  contains  a  Report 
by  Dr.  Leonard  Hill  on  '"  An  Investigation 
of  Workers'  Food  and  Suggestions  as 
to  Dietary  '  ;  Memorandum  No.  14 
deals  with  "  Washing  Facilities  and 
Baths." 

Dr.  Leonard  Hill  discusses  the  condi- 
tions determining  the  wastage  that 
requires  to  be  made  good  by  daily  con- 
sumption of  food,  and  analyses  the 
constituents  of  common  meals  into 
protein,  fat  and  carbohydrate.  Specimens 
of  daily  dietaries  from  hostels  and 
canteens  are  reproduced.  Finalh'  a  sug- 
gested daily  dietary  for  munition  workers, 
together  with  the  cost  of  each  meal,  is 
presented. 

One  receives  the  impression  that  if 
meals  of  this  kind  were  imiversal  there 
would  be  little  to  complain  of  on  the  score 
of  dietary.  In  works  where  well -stocked 
canteens  are  provided  the  care  and 
expense  involved  must  be  amply  repaid 
by  the  better  health  and  work  of  em- 
ployees. 

Memorandum  No.  14  contains  some 
veTy  practical  suggestions  on  bathing 
and  washing  facilities — a  matter  which  in 
the  past  has  undoubtedly  been  badly 
neglected  in  many  large  factories.  We 
notice  that  the  shower  or  douche  bath  is 
strongly  recommended,  a  view  which,  we 
believe,  is  in  accordance  with  the  best 
Continental  experience. 


THE    BRITISH    COMMERCIAL    GAS 
ASSOCIATION. 

The  Fifth  Annual  Meeting  of  the  British 
Commercial  Gas  Association  took  place  in 
the  Hall  of  the  Royal  Society  of  Arts  on 
November  1st,  the  chair  being  taken  by 
the  President  (Sir  Hallewell  Rogers). 
Mr.  F.  W.  Goodenough  (Chairman  of  the 
Executive  Committee)  presented  the 
Annual  Report  for  the  past  year,  from 
which  it  appears  that  the  Association  is 
maintaining  its  full  activities  in  spite  of 
the  inevitable  difficulties  of  war-time. 
During  the  past  two  years  of  war  it  has 
added  about  seventy  new  undertakings 
to  the  list  of  those  giving  support,  wliich 
now  number  nearly  500. 

This  is  a  record  wliich  must  be  very 
gratifying  to  the  siipporters  of  the  Asso- 
ciation, and  particularly  to  its  enterprising 
and  energetic  Chairman,  Mr.  Goodenough. 
We  notice,  too,  the  President's  reference 
to  the  action  taken  in  Birnaingham,  where 
there  is  now  a  laboratory  with  a  staff  of 
chemists  to  whom  general  problems 
relating  to  gas  supply  and  manufacture 
may  be  referred. 

Of  special  interest  is  the  recent  form- 
ation of  a  National  Gas  Council,  which  is 
intended  to  be  a  body  representative  of 
the  entire  gas  industry,  and  which,  no 
doubt,  will,  among  other  things,  devote 
itself  to  the  encoiu'agement  of  research. 
^^Tien  one  considers  the  vast  ramifications 
of  the  gas  industrj'  in  this  coiuitry  one 
cannot  but  be  struck  bj-  the  opportunities 
for  concerted  effort.  The  formation  of 
the  British  Commercial  Gas  Association 
has  been  fully  justified  by  the  experience 
of  the  last  few  years,  and  no  doubt  by 
the  time  the  war  is  over  there  will  be 
many  other  instances  of  co-operation  to 
record. 
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EDITORIAL. 

The  Visit  of  the  Scientific  and  Technical  Press  to  Liverpool  and  Manchester 

Universities. 

.  In  previous  issues  of  the  lUiDuiiialiii^:,  Eii^^iuccr  accdimts  iia\i-  been 
published  of  the  visits,  aiTanf((>(l  throuj^h  Ihe  Circk'  of  Scicntilie  Tcclinieal 
and  Jrade  journalists,  to  the  hupcrial  CoUe^U'  of  S(U>nce  in  I.ondoji.  and 
subsequently  to  the  Universities  of  Leeds  and  Shenii>ld.  These  visits 
formed  part  of  a  movement  for  tlu'  promotion  of  closer  relations  between 
the  Universities  of  the  country  and  the  scientific  and  technical  press. 

On  pp.  379 — 38G  we  now  give  an  account  of  the  visit  to  the  I'niversities 
of  Liverpool  and  Manchester,  which  took  place  on  December  10th --13th. 
On  this  occasion,  also,  the  proceedings  were  full  of  interest.  All  were 
struck  by  the  way  in  which  the  work  of  each  University  is  moulded 
by  the  needs  of  the  city  it  represents.     Thus  at  Leeds  and  Sheifield,  both 
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great  industrial  centres,  the  respective  spheres  of  work  have  a  close  rela- 
tion with  the  local  textile,  dyeing  and  steel  industries  :  at  Manchester 
cotton-spinning  and  engineering  receive  special  attention,  and  at 
Liverpool,  as  a  great  shipping  and  commercial  centre,  we  find  in  the  creation 
of  a  School  of  Commerce,  the  Department  of  Geography,  and  in  the  famous 
School  of  Tropical  Medicine  yet  other  illustrations  of  the  intelligent  study 
of  local  needs.  It  was  interesting  to  see  that  at  all  the  Universities  visited 
the  importance  of  a  knowledge  of  foreign  languages  was  recognised,  special 
attention  being  commonly  devoted  to  Russian  and  Spanish. 

Yet  the  broader  aspects  of  a  University's  work,  involving  the  pro- 
vision of  a  general  liberal  education,  were  not  overlooked.  Equally 
interesting  is  the  growing  tendency  towards  co-operation  between  the 
Universities  and  other  local  educational  institutions.  Thus  at  Liverpool, 
we  were  given  to  understand,  a  conference  has  been  considering  the  co- 
ordination of  the  work  of  the  Engineering  Department  of  the  University 
with  the  technical  schools,  and  in  these  deliberations  the  shipping  industry 
of  Liverpool  is  represented.  At  Manchester,  again,  we  have  in  the  Uni- 
versity and  the  Municipal  School  of  Technology  two  complementary  insti- 
tutions which  work  hand  in  hand.  In  his  address  previous  to  the  inspection 
of  the  latter.  Principal  Garnett  explained  that,  as  regards  the  regular 
courses  of  study,  the  School  acted  as  a  part  of  the  University  ;  but  at  the 
same  time  it  provides  evening  and  other  special  facilities  for  study  for 
those  who  are  occupied  with  their  vocation  and  are  not  free  to  follow  a  full 
course  of  study. 

The  visit  to  the  two  cities  was  so  crowded  with  interesting  items  that 
it  is  impossible  to  enter  upon  a  description  in  this  note.  Readers  will  find 
on  pp.  379 — 386  a  full  description  of  the  proceedings,  although  even 
in  this  account  much  has  been  inevitably  omitted.  The  inspection  of 
this  varied  work  was  a  revelation  to  the  members  of  the  party,  and  should 
have  a  beneficial  broadening  influence  on  the  technical  journalist.  Most 
of  those  present  were  primarily  concerned  with  the  treatment  of  their 
special  subjects  at  the  Universities.  For  example,  those  associated  with 
hygiene  and  medicine  were  keenly  interested  in  the  School  of  Tropical 
Medicine  at  Liverpool,  representatives  of  engineering  and  electrical  papers 
with  the  Engineering  Departments  at  both  Universities  and  the  Manchester 
School  of  Technology,  while  to  others  the  chemical  departments,  the  cotton- 
spinning,  printing  and  paper-making  plant  had  a  special  professional 
interest. 

Yet  one  could  see  that  the  members  of  the  party  took  an  almost  equally 
great  interest  in  the  sections  of  work  outside  their  own  immediate  sphere, 
and  this  was  due  in  no  small  measure  to  the  admirable  and  lucid  expositions 
of  the  Professors  in  each  department.  Scientific  and  technical  journalists, 
as  a  body,  now  take  an  interest  in  general  questions  affecting  scientiiic 
education. 

In  conclusion  it  only  remains  to  express  our  great  appreciation  of  the 
kind  attention  shown  by  Professor  Gonner  (Deputy  Chairman  of  the  Senate 
of  Liverpool  University),  Sir  Henry  Miers  (Vice-Chancellor  of  Manchester 
University),  and  Mr.  Garnett  (Principal  of  the  Manchester  School  of 
Technology),  and  the  professors  of  these  institutions.  Acknowledgment 
should  also  be  made  of  the  courtesy  of  the  British  West'nghouse  Electric 
and  Manufacturing  Co.  and  the  Ford  Motor  Co.  in  inviting  the  party 
to  visit  their  interesting  works.  The  visit  will  long  remain  a  most  agree- 
able memory  to  all  the  members  of  the  party. 
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From  the  Elementary  School  to  the  University. 

A  most  encouraging  sign  during  the  past  few  months,  coming 
as  it  does  in  the  midst  of  this  period  of  strain  and  anxiety,  has  been  the 
general  recognition  that  the  educational  system  of  the  country  needs  over- 
hauhng.  The  future  of  the  country  is  dependent  on  ihe  efforts  we  can 
make  now  to  secure  a  pioperly  organised  system  connecting  the  elementary 
schools,  the  secondary  and  technical  schools,  and  the  Universities. 

One  of  the  greatest  drawbacks  under  which  the  educational  system 
of  this  country  has  suffered  has  been  the  want  of  co-ordination— the  gaps 
between  the  higher  education  and  the  lower.  The  country  has  never  lacked 
men  of  great  abihty  and  distinction  in  the  higher  branches  of  science  and 
industry.  At  the  other  end  of  the  scale  we  find  the  workers  on  the  whole 
industrious,  painstaking,  of  good  physique  and  with  a  certain  inherited 
aptitude  for  craftsmanship.  But  the  intermediate  hnk,  the  arrny  of 
educated  capable  men  to  act  as  foremen  and  managers,  has  been  missing. 

It  is  therefore  gratifying  to  notice  that  in  the  schemes  being  presented 
by  various  educational  bodies,  this  fact  is  invariably  recognised.  It  was 
referred  to  in  the  programme  of  the  Educational  Reform  Council  and  the 
Workers'  Educational  Association,  in  the  "Report  on  Reforms  necessary  in 
National  Education,"  presented  in  the  last  number  of  the  Journal  of  the 
British  Science  Guild,  and  in  the  scheme  now  presented  by  the  National 
Union  of  Teachers. 

In  many  other  respects  also,  these  schemes  are  in  substantial  agreement. 
One  of  the  "most  important  suggestions  is  that  local  authorities  shall  insti- 
tute a  system  of  compulsory  classes  for  young  persons  between  the  ages 
of  14  and  18.  The  evils  of  the  present  conditions  are  manifest.  A  child 
is  educated  up  to  a  certain  point,  and  leaves  school  at  the  age  of  14.  He 
goes  into  employment,  often  forgets  what  he  has  learned  and  ceases  to  take 
much  interest  in  intellectual  pursuits.  It  is  of  vital  importance  to  our 
industrial  future  that  a  large  proportion  of  such  youths  should  continue 
their  education  during  these  critical  3''ears. 

The  next  step  is  the  provision  of  adequate  opportunities  for  gifted 
youths  to  proceed  to  the  University.  This  need  could  usually  be  met  by 
the  liberal  provision  of  bursaries  and  scholarships,  which  besides  meeting 
the  fees  for  tuition,  should  enable  the  recipient  to  live  in  comfort  and  thus 
remove  the  natural  but  shortsighted  anxiety  of  parents  that  he  should 
immediately  earn  money. 

Liverpool  University,  with  its  magnificent  endowment  of  over 
£1,000,000,  is  in  a  particularly  good  position  to  pursue  an  independent 
course  in  education.  It  was  stated  that  no  boy  of  ability,  however  poor 
his  parents,  is  debarred  from  proceeding  by  steps  from  the  elementary 
school  to  the  University.     But  all  cities  are  not  equally  fortunate. 

In  a  few  cases  enterprising  employers  themselves  provide  educational 
facilities  during  working  hours,  or  make  arrangements  for  workers  to  attend 
classes  elsewhere.  But  in  many  others  the  matter  is  ignored,  with  the 
result  that  a  boy  entering  works  at  an  age  of  14  may,  by  the  time  he  reaches 
18  years,  actually  receive  higher  wages  than  the  boy  who  has  devoted  the 
intervening  years  to  his  education. 

The  response  to  the  measures  taken  by  educational  authorities 
thus  depends  very  greatly  on  the  attitude  of  employers  who,  it  is  to  be 
hoped,  will  value  the  services  of  the  better  educated  youth,  and  see  that 
he  does  not  suffer  but  on  the  contrary  receives  special  encouragement. 
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Scientific  Darlcening  of  the  Streets. 

On  pp.  305 — ;}77  we  f^ivc  an  account  of  the  proceedings  at  the  last 
meeting  of  the  lUuminating  Engineering  Society.  The  address  delivered 
by  the  Hon.  vSecretary  dealt  mainly  with  two  important  topical  questions 
— the  exercise  of  economy  in  lighting  during  war  time,  and  the  present 
darkening  of  the  streets. 

The  authorities  have  been  impressing  on  the  public  the  need  of 
economics  in  the  use  of  the  national  coal  supply.  On  the  placards  we 
observe  the  instructions  "  Don't  waste  coal,  gas,  or  electric  light,"  a 
direction  which  should  meet  with  general  approval  and  one  which 
the  Illuminating  Engineering  Society  has  endorsed  on  general  grounds 
even  in  times  of  peace.  But  it  is  shown  that  it  is  equally  important,  in 
order  that  this  recommendation  may  be  effectively  carried  out,  that  the 
public  should  be  educated  to  appreciate  how  economies  should  be  judi- 
ciously executed.  Light  is  a  necessity  to  the  carrying  on  of  modern 
business  and  an  indiscriminate  diminution  in  the  amount  of  illumination 
would  react  prejudicially  on  industrial  operations,  leading  to  increased 
accidents,  spoiled  work  and  diminished  output.  The  right  form  of  ecomony 
is  to  avoid  improper  use  of  light  and  here  the  Illuminating  Engineering 
Society,  whose  services  as  an  educational  medium  are  recognised  by  many 
Authorities,  could  be  of  assistance. 

The  progressive  increase  in  the  number  of  street-accidents  since  the 
outbreak  of  war  was  discussed  in  a  recent  editorial.  But  apart  from  this,  the 
present  diminution  of  lighting,  b}^  interfering  with  traffic  during  the  busy 
hours,  is  a  direct  economic  loss.  These  questions  will  no  doubt  receive 
the  attention  of  the  "  Safety  First  "  Council  for  London,  on  which  the 
Illuminating  Engineering  Society  is  to  be  represented. 

At  present,  it  is  generally  agreed  that  in  many  areas  there  is  little 
scientific  method  in  the  darkening  arrangements,  and  the  conditions  pre- 
vailing in  various  distiicts  are  quite  different.  This  is  no  doubt  a  con- 
sequence of  the  effort  to  comply  with  conflicting  claims  by  different 
authorities  urging  respectively  the  claims  of  precautions  against  aircraft, 
economy,  and  the  convenience  of  traffic.  There  is  an  urgent  need  for 
a  central  authority,  acting  under  expert  advice,  and  in  a  position  to 
survey  the  problem  of  the  darkening  of  the  streets  as  a  whole  and  decide 
upon  the  best  way  of  meeting  these  apparently  conflicting  requirements. 

One  of  the  most  striking  defects  of  the  present  arrangements  is  the 
great  contrast  in  light  and  shade  resulting  from  the  present  methods 
of  screening.  Attention  was  called  to  this  matter  at  a  meeting  of  the 
Society  in  November,  1914,  shortly  after  the  lighting  restrictions  were 
first  introduced.  Now,  we  understand,  some  experiments  are  being  made 
with  a  view  to  securing  greater  uniformity  of  illumination.  In  addition 
the  question  must  arise  whether  at  the  present  stage  experience  justifies 
such  an  extreme  diminution  in  illumination. 

The  whole  problem  is  one  on  which  expert  assistance  is  badly  needed, 
and  we  believe  that  the  Illuminating  Engineering  Society,  representing 
as  it  does  all  the  different  aspects  of  lighting,  could  do  useful  work 
if  greater  advantage  were  taken  of  their  services  by  the  Authorities 
concerned. 

Leon  Gaster. 
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SPECIAL    REFERENCE    TO    WAR    ECONOMIES 

IN    LIGHTING. 


(Address  delivered  at  a  meeting  of  the  Society    held  at   the  House  of  the  Eoyal  Societ}'  of  Arts, 
18,  John  Street,  Adel])hi,  London,  at  o  p.m.  on  Friday,  December  loth.) 


A  meeting  of  the  Society  took  place 
as  stated  above  on  Friday,  December 
15th,  at  5  o'clock.  In  the  unavoidable 
absence  of  the  Chairman  of  Council 
(Mr.  F.  W.  (Joodenough).  Mr.  W.  C. 
Clinton  ])resided. 

The  minutes  of  the  last  meeting  liaving 
been  taken  as  read,  the  Hon.  Secretary 
read  out  the  names  of  ncAv  ai)])licants  for 
membership  as  follows  : — 


proper  of  his  address  Mr.  Gaster  made  a 
special  reference  to  the  great  loss  which 
the  Society  had  sustained  in  the  death  of 
its  first  President,  Professor  Silvanus 
P.  Thom|>son,  which  occurred  shortly 
after  the  Annual  Meeting  in  May.  In  this 
connection  Mr.  (Jastku  read  a  letter  from 
Mr.  F.  W.  UooiiENOi'Gir,  who,  after 
explaining  that  he  was  unavoidably 
prevented    from    l)eing    jtresent    at    the 


Cliaiidler,  1) 
I'hillips,  T.   n. 
()xle\,   VV.   J}. 
lOrry,  W.   J{. 
Winter.  H.   F. 
\\'alforcl,  H.   H. 


South    Metropolitan  (Jas  Co..   OM    l<<'nt    K<iii«l.  S.  K 


Manager    of    the    heat -resist  injj;    j^lass    ylolif    iltpiiil  ment . 
Messrs.    Chance    Bros,    and    Co.,    (Mass    Woiks.  near 

BlRMINClHAM. 


The  Chairman  then  called  upon  Mr. 
L.  Gaster  to  deliver  his  address  on 
"  Some  Events  during  the  \'acation,  with 
special  reference  to  War  Economies  in 
Lighting." 

Before     proceeding     to     the     subject 


meeting    owing    to    .special     war     work, 
added  :— 

I  shoidd  like  to  associate  myself  as  ("hairman 
of  the  Conncil.  and  also  in  my  jiersonal  capacity, 
with  the  trihute  paid  in  the  addres.s  which  you 
are  iriving  this  evening  to  the  late  Professor 
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Silvanus  Thompson.  His  death  is  a  verj- 
grievous  loss  to  the  Society,  to  which  he  always 
gave  such  ready  and  peculiarly  valuable  assist- 
ance, and  to  everyone  who  had  the  privilege 
of  counting  him  amongst  their  friends. 

We  shall  sadly  miss  his  versatile  and 
brilliant  personality  at  the  meetings  of  the 
Illuminating  Engineering  Society.  It  might 
well  be  said  of  him  in  that  connection  that  he 
never  touched  upon  any  subject  without  con- 
tributing something  original  to  its  illumination. 

Continuing,  Mr.  G  aster  said  that  the 
Society  had  been  honoured  by  a  special 
message  of  sympathy  from  the  Electro- 
technical  Section  of  the  Societe  Imperiale 
Technique  de  Kussie,  of  Russia,  which 
was  as  follows  : — 

.Societe  Imperiale 
Technique  de  Russie, 
Petrograd. 
Panteleimonskaja,  2. 
Section  Electrotechnique. 
To  the 

Illuminating  Engineering 
Society, 

London. 
4 /17th  November  1916. 
No.  860. 

Gentlemen, 

The  Electrotechnical  Section  of  the  Russian 
Imperial  Technical  Society  has  learned  with 
profound  regret  of  the  death  of  the  highly 
distinguished  President  of  the  Illuminating 
Engineering  Society — the  eminent  Professor 
Silvanus  P.  Thompson,  who  was  as  wed  known 
and  admired  by  Russian  electricians  as  by  those 
of  the  rest  of  the  world. 

On  account  of  the  cessation  of  meetings 
during  the  summer  time,  it  is  only  to-day 
that  the  Electrotechnical  Section  has  had  the 
opportunity  to  express  its  most  sincere  sympathy 
with  you,  as  with  the  City  and  Guilds  Technical 
College  and  with  the  various  British  learned 
societies  in  the  great  loss  you  have  sustained 
by  the  death  of  Professor  Thompson. 

We  may  add  that,  on  receipt  of  the  sad  news, 
the  members  of  the  Electrotechnical  Section 
honoured  the  memory  of  the  late  Professor  by 
standing. 

Wishing  to  your  Society  a  continued  and 
increasing  prosperity. 

We  are.  Gentlemen, 

Yours  very  truly, 
(Signed)  Professor  P.  Ossadtchy, 

President  of  the  Section. 
„  D.  Meisel, 

Secretary. 

He  need  not  say  that  this  reference  to 
the  great  qualities  of  the  late  Professor 
Thompson  would  be  very  much  appre- 
ciated by  the  members  of  the  Society. 
A  tribute  to  Professor  Thompson's  great 
services  to  science  was  also  paid  in  the 
official  organ  of  the  Society  shortly  after 
his  death,  and  at  the  service  immediately 


preceding   the   fnnernl   tlie   Society   was 
officially  represented. 

Mr.  L.  Gaster  then  proceeded  to 
deliver  his  address,  which  will  be  found 
on  pp.  367—374. 

In  the  subsequent  discussion  Mr.  H.  E. 
Blain  (Operating  Manager  of  the  London 
General  Omnibus  Co.,  Ltd.),  Mr.  F.  W. 
WiLLCox,  Mr.  A.  CuNNiNGTON,  Mr.  S.  R. 
MuLLARD,  Mr.  M.  Wyld  (Electrical 
Engineer  to  the  Hampstead  Borough 
Council),  and  Mr.  J.  S.  Dow  took  part. 

Mr.  L.  Gaster  briefly  replied  and  a 
vote  of  thanks  to  him  for  his  address 
terminated  the  proceedings,  the  Chair- 
man announcing  that  at  the  next  meeting, 
to  be  held  in  January,  there  would  be  a 
discussion  on  "  The  Lumen  as  a  Basis  of 
Measurement  of  the  Illuminating  Power 
of  Lamps."' 


LIGHTING     CONDITIONS     IN 
SHEFFIELD. 

In  view  of  the  references  in  the  discus- 
sion at  the  last  meeting  of  the  Illuminating 
Engineering  Society  on  December  15th 
to  the  darkening  of  the  streets,  it  is 
interesting  to  notice  that  the  same 
question  was  debated  at  a  meeting  of  the 
Sheffield  City  Council  on  the  13th.  Mr. 
W.  L.  Angell  stated  that  an  order  was 
being  prepared  prohibiting  the  use  of 
flash-lamps  after  an  air-raid  siren  had 
sounded,  and  the  indiscriminate  use  of 
such  lamps  was  deprecated. 

Sir  William  Clegg  said  that  in  the 
three  months  ending  December  11th, 
1915,  II  men,  no  women  and  four  children 
had  been  knocked  down  by  trams  ;  the 
corresponding  figures  for  the  period 
ending  December  llth,  1915,  were  much 
greater,  namely,  42  men,  six  women  and 
two  children,  and  seven  cases  proved 
fatal. 

Dr.  W.  H.  Fordhara  said  the  prevailing 
conditions  were  a  source  of  danger. 
Other  cities  and  towns  were  taking  steps 
to  relieve  the  darkness.  He  suggested 
special  electric  lighting  at  dangerous 
corners,  which  could  be  automatically 
extinguished  on  receipt  of  an  alarm. 
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SOME    EVENTS    DURING    THE   VACATION,    WITH 

SPECIAL    REFERENCE    TO  WAR    ECONOMIES 

IN    LIGHTING. 

By  L.  Gastep. 
(Honorary  Secretary  of  the  Illuminatincf  Engineering  Society.) 

(Address  delivered  at   the  meeting  of  the  Society  held    at  the  House  of  the    Royal  Society 
of  Arts,  18.  John  Street.  Adel|(hi.  London.  W..  at  .">  p.m..  on  Friday.  Deeemher  l/ith.) 


It  is  customary  for  the  Hon.  Secretary, 
at  the  opening  meeting  of  the  Session,  to 
give  an  account  of  progress  during  the 
Vacation.  In  the  past,  on  such  occasions, 
there  have  been  references  to  the  par- 
ticipation of  the  Society  in  various  In- 
ternational Congresses.  Now,  unhappily, 
there  is  no  such  international  co-operation 
to  record.  But  a  number  of  recent 
events  illustrate  very  clearly  that  in  the 
present  times  there  are  opportunities  as 
fruitful  as  in  times  of  peace — and  possibly 
even  more  so — for  the  exertion  of  the  in- 
fluence of  the  Society. 

Before  proceeding  with  this  address,  it 
is  my  duty  to  mention  the  very  sad  loss 
that  the  Society  has  sustained  in  the 
death  of  Professor  Silvanus  P.  Thompson, 
our  President  during  the  first  four  years 
of  existence  of  the  Society.  At  the 
Annual  Meeting  in  May  Professor  Thomp- 
son presided  with  all  his  usual  enthusiasm 
and  charm.  His  death,  which  occurred 
onh'  a  few  days  afterwards,  came  as  a 
painful  shock.  A  tribute  to  Professor 
Thompson's  noble  })ersonalitv  and  dis- 
tinguished abilities  was  })aid  in  the  notice 
that  appeared  in  the  official  organ  of  the 
Society  after  his  death.*  It  is  sufficient 
now  to  say  that  we  owe  him  a  debt  of 
gratitude  we  never  can  forget,  and  that 
his  memory  will  be  ])reserved  so  long  as 
the  Society  exists. 

Development  of  Illuminating  Engineering 
in  the  United  States. 

In  common  with  all  other  scientific 
societies  our  numbers  have  been  affected 
by  the  withdrawal,  either  for  service  with 
the  Colours  or  for  other  special  war  work. 
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of  members  whose  services  wouUl  have 
been  very  welcome  at  the  present  juncture, 
and  the  whole  trend  of  circumstances  is 
directing  our  activities  into  new  fields. 

Many  aspects  of  lighting  are  necessarily 
in  abeyance,  but  it  is  gratifying  to  see 
that  in  the  United  States  illuminating 
engineering  is  making  steady  progress. 
At  the  recent  Convention  an  interesting 
series  of  papers  and  reports  was  presented, 
and  the  Course  of  Lectures  arranged  at 
the  Pennsylvania  University  will  furnish 
a  useful  precedent  for  us  in  the  future. 
Among  other  points  of  interest  is  the 
Report  on  Nomenclature  and  I'nits. 
This  list  of  terms  and  symbols  will  require 
consideration  in  European  countries.  Of 
special  interest  is  the  decision  taken  to 
adopt  the  "  lumen  "  as  a  measure  of  the 
illuminating  power  of  all  kinds  of  lamps  - 
a  matter  which,  it  is  hoped,  will  receive 
the  attention  of  our  Society  early  in  the 
new  year.  Yet  another  indication  of 
progress  is  the  decision  of  two  States, 
Pennsylvania  and  New  .T»'rs«'y,  to  adopt 
legislation  on  the  ilhimimition  of  fa<tories. 
in  which  tin-  iiiicTisity  re(|uired  for 
varicnis  [lurposcs  is  sjx'cified.  The  re- 
quirements appear  to  be  broadly  in  agree- 
ment with  those  of  the  Departmental 
Committee  of  the  Home  Office  in  this 
country. 

In  other  directions,  notably  in  lon- 
nection  with  street  and  spectacular 
lighting,  progress  has  also  been  made. 
The  method  of  flo(Kl-lighting,  according 
to  which  the  faces  of  buildings  or  signs, 
&c.,  are  completely  illuminated  by  a 
projected  beam  from  a  concealed  source, 
appears  to  be  coming  })opular.  This 
method  formed  an  i!n])ortant  feature  in 
the  highly  novel  lighting  devices  em- 
ployed at  the  Panama-Pacific  Exhibition. 
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We  in  England  are  at  present  deljarred 
from  the  development  of  the  artistic  and 
decorative  sides  of  exterior  lighting,  but, 
with  a  view  to  the  future,  it  is  well  to 
make  note  of  the  new  methods  that  are 
being  introduced  elsewhere. 

In  other  directions  there  are  develop- 
ments now  taking  place  which  may  have 
a  profound  influence  in  the  future.  We 
see  everywhere  tendencies  towards  co- 
operation, and,  while  some  of  these  are 
only  indirectly  associated  with  illumina- 
tion, they  suggest  possibilities  of  similar 
action  in  our  own  sphere. 

The   movement   towards   economy    in 
fuel  has  led  to  many  new  experiments 
being    tried.     In    his    address    to    the 
deputation  from  the  Board  of  Scientific 
Societies  on  December   1st  Lord  Crewe 
referred  to  an  extensive  survev  now  being 
made  of  the  coal-fields  in  this  country, 
with  a  view  to  ascertaining  the  basis  on 
which   they   can   be   most   economically 
utilised.     The   steps   taken  towards   the 
linking   up    of   gas   and   electric   supply 
stations  in  various  districts  illustrate  the 
change  in  attitude  towards  co-operation. 
The  present  circumstances  have   also 
led  to  various  forms  of  co-operation  be- 
tween   gas    and    electrical    supply.       A 
number  of  authorities  already  supply  gas 
and   electricity   in   this   country.     In    a 
recent  Paper   before   the   North   British 
Association  of  Gas  Managers,  Mr.  J.  W. 
Napier    gave    an    account    of    the    very 
favourable  experience  of  the  authorities 
at  Alloa  where  gas-driven  electric  gene- 
rators are  in  use.     The  question  of  the 
best  method  of  applying  gas  for  the  pro- 
duction of  electricity,  whether  in  the  form 
of  gas-engines  or  gas-heated  boilers,  hardly 
falls  within  our  province.     But  the  con- 
sideration of  such  problems  may,  we  will 
hope,  lead  to  fuller  co-operation  in  tho. 
lighting  field. 

The  position  was  summed  uj)  by  Dr. 
Charles  Carpenter  at  the  meeting  of  the 
South  Metropolitan  Gas  Co.  last  August, 
when  he  said  : — 

'■  I  do  not  know  whether  thepoHcy  adopted 
by  Parliament  of  putting  suppHers  of  gaseous 
and  electric  energy  into  competition  has  not 
had  its  day  ;  it  may  have.  If  one  were  to  begin' 
again,  one  would  not  do  what  one  is  doing  to- 
day, viz.,  put  up  a  large  station  to  produce 
electric  energy  and  another  for  gaseous  energy. 
We  should  look  to  see  whether  these  supplies 
should  be   undertaken  separately,   or  whether 


there  WAS  not  a  great  deal  to  he  sai<l  on  the  point 
of  economical  working  for  running  them  to- 
gether."' .  -      "      : 

DayHght  Saving. 

One  of  the  most  noteworthy  and  revo- 
lutionary changes  made,  largely  with  a 
view  to  saving  in  fuel,  is  the  Summer 
Time  Act,  generally  known  as  "  Daylight 
Saving  Act,"  which  came  into  force  for 
the  period  from  May  21st  until  October 
1st  in  the  present  year.     The  effect  on 
supply  companies  naturally  varies  much, 
according   to   the  locality   and  the   per- 
centage  of  gas   or   electricity  used  res- 
pectively for  lighting  and  fuel.     In  purely 
residential    districts    the    diminution    in 
output  has  been  considerable.     In  Ealing, 
for  example,  it  .is  stated  to  have  been  as 
much  as  23  per  cent.,  and  other  companies 
similarly  affected  have  remarked  that  the 
Act  ought  to  be  termed  the  "  Artificial 
Light  Saving  Act ""  !     According  to  some 
figures  recently  given  by  Mr.  A.  E.  Mac- 
kenzie    before     the     Manchester     Local 
Section  of  the  Institution  of  Electrical 
Engineers,    the    saving    in    the    purely 
residential  district  of  that  city  was  13  per 
cent.,  but  in  the  industrial  districts  there 
has  been,  since  the  Act  was   passed,  an 
actual  increase   of  8  per  cent.     Taking 
the  entire  field  of  supply,  the  saving  is  of 
the  order  of  1 — IJ  per   cent,    only,  but 
even  this  is  estimated  to  have  led  to  an 
economy,  in  Manchester,  of  400 — 600  tons 
of  coal  in  the  course  of  a  year. 

It  would  be  most  instructive  if  a  com- 
plete survey  of  the  effect  throughout  the 
country  could  be  made,  so  that  the  re- 
sultant approximate  actual  saving  in  fuel 
could  be  estimated.  The  measure  has 
been  carried  out  with  relatively  little  in- 
convenience, and  may  be  permanently 
adopted  after  the  war.  At  the  present 
time,  therefore,  we  should  be  prepared 
by  gaining  as  full  information  of  its 
effects  as  possible.  Such  an  inquiry 
should  not  be  confined  to  the  actual 
fuel  saving.  It  would  be  useful  to  as- 
certain if  the  change  in  habits  of  the 
people  had  been  on  the  whole  beneficial, 
and  the  effect  of  the  measure  on  con- 
ditions of  work  in  factories  and  offices. 
If  it  could  be  shown  that  the  percentage 
of  absentees  through  sickness  had  been 
materially  diminished,  this  in  itself  would 
be  a  most  important  result,  which  would 
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710  doubt  influence  future  decisions  re- 
garding premises  into  wliich  the  access  of 
daylight  is  always  deficient. 

Associated  with  such  an  inquiry,  again, 
is  the  whole  question  of  the  design  of 
buildings  with  a  view  to  maximum  ad- 
mission of  natural  light,  and  the  com- 
parative value  of  the  various  devices  for 
improving  the  light  in  existing  buildings 
(the  use  of  prismatic  glass,  mirrors,  &c.). 
As  a  measure  of  economy  such  devices, 
which  prolong  the  hours  during  which 
artificial  light  is  not  needed,  deserve 
much  more  scientific  study  than  they 
have  yet  received  in  this  country.  These 
problems  have  an  important  relation  to 
the  work  of  the  Committee  of  the  Society 
on  Natural  Lighting  in  Schools,  which 
was  summarised  in  a  Report  issued 
shortly  before  the  war,  but  has  not 
since  been  carried  further  owing  to  lack 
of  funds. 

Mr.  F.  W.  Willcox,  in  a  recent  letter  to 
the  Illuniinating  Erufi.neer  and  other 
journals,  has  pointed  out  the  need  for  an 
accurate  comparison  of  the  initial  cost  of 
making  special  provision  for  daylight  in 
buildings,  such  as  specially  designed 
windows,  and  the  consequent  extra  in- 
ternal heating  to  maintain  the  correct 
temperature.  An  equally  important 
matter  is  the  diminution  in  daylight 
caused  by  the  practice  of  obscuring  sky- 
lights, &c..  in  order  to  comply  with  the 
lighting  regulations.  If  it  could  be 
shown— what  is  probably  the  case —that 
the  cost  of  providing  efficient  blinds, 
which  could  be  drawn  down  in  the  even- 
ing and  released  in  the  day,  was  small  in 
comparison  with  the  running  saving  in 
artificial  light  so  caused,  this  in  itself 
would  be  an  in)))ortant  result. 

Economy  in  Artificial  Light. 

1  come  next  to  the  (|Uestioii  of  economy 
in  artificial  light.  The  national  import- 
ance of  economising  in  fuel  supplies  has 
led  the  Board  of  Trade  to  issue  circulars 
requesting  consumers  to  diminish  their 
consumption  of  gas  and  electricity  for 
lighting,  and  inviting  gas  and  electrical 
supply  companies  to  co-operate  in  bring- 
ing about  a  10  ])er  cent,  reduction.  This 
matter  was  referred  to  in  a  recent  editorial 
in  the  lUuminaiirKj  Emjineer. 

It  was  stated  then,  what  I  am  sure  will 
meet     with     general     agreement,     that 


judicious  economy  in  lighting,  by  which 
is  meant  prevention  of  the  waste  of  light, 
and  its  application  in  practice  in  the  most 
efficient  manner,  is  one  of  the  main  objects 
of  our  Society.  The  advice  widely  pla- 
carded on  the  official  notices  throughout 
London — "  Don't  Waste  Coal,  Gas,  or 
Electric  Light  "meets  with  our  full 
approval. 

It  is,  however,  necessary  to  supplement 
this  advice  by  more  detailed  instructions 
as  to  how  this  waste  can  be  avoided  ;  and 
here  our  Society,  which  is  constantly  en- 
gaged in  studying  the  proper  methods  of 
using  light,  is  already  doing  national 
service.  If  the  advice  contained  in  the 
little  pamphlet  issued  in  1913,  entitled 
'■  Light  and  Illumination :  their  U.se 
and  Misuse,"'  were  generally  followed  a 
very  large  saving,  accompanied  by  an 
improvement  in  the  conditions  of 
illumination,  would  be  at  once  secured. 

On  the  other  hand,  we  have  abundant 
evidence  that  the  mere  diminution  of 
dlumination,  in  cases  where  it  is  even  at 
])resent  insufficient  for  the  purpose  in 
view,  is  false  economy.  I  have  so  fre- 
quently referred  to  the  conclusions  of  the 
Home  Office  Report  on  Factory  Lighting 
that  good  illumination  is  essential  in 
factories  and  workshops,  and  that  de- 
fective illumination  leads  to  diminished 
output,  .s})oiled  work,  and  an  increased 
number  of  accidents,  that  it  seems  hardly 
necessary  to  go  over  this  ground  again. 
I  should  like  to  mention,  however,  that 
these  conclusions  are  strongly  endorsed 
in  the  series  of  bulletins  issued  by  the 
Committee  on  the  Health  of  Munition 
Workers  during  the  ])resent  year,  par- 
ticularly in  No.  9  relating  to  Ventilation 
and  Lighting  of  Munition  Factories,  and 
No.  15  (just  issued)  on  the  Effect  of  In- 
dustrial Conditions  on  Kyesight.  No  one. 
at  the  ])resent  moment,  would  think  of 
handicapping  our  munition  factories  by 
restricting  the  su|)ply  of  gas  or  electricity, 
either  for  jjower  or  for  lighting,  and  the 
same  applies  to  all  productive  work,  both 
from  the  economic  and  hygienic  stand- 
points. 

A  well-considered  scheme  of  economy, 
therefore,  can  be  made  effective  only 
through  the  systematic  education  of 
people  to  a])]ireciate  the  ])ro)ier  use  of 
light,  and  tiit>  .Vuthorities  woidd  greatly 
assist  the   olijccts   ihi-y   hiivc   in   view    if 
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they  were  to  make  use  of  this  Society  to 
prepare  definite  instructions  on  the 
subject  to  various  classes  of  the  com- 
munity. 

I  may  say  that  I  have  reason  to  believe 
that  suggestions  from  us  in  the  proper 
quarter  would  receive  sympathetic  con- 
sideration. 

The  education  of  the  public  as  to  what 
constitutes  good  lighting  is  a  most  im- 
portant duty  at  the  present  time  ;  and 
the  technical  press,  which  has  so  widely 
noticed  our  work  since  the  conunence- 
ment  of  the  illuminating  engineering 
movement,  can  do  good  service  by  keep- 
ing this  matter  constantly  before  the 
notice  of  their  readers. 

Meantime  we  have  before  us  every  day 
many  examples  of  wasted  light.  We  see 
lamps  in  shop-windows  shrouded  with 
coloured  paper  or  obscuring  lacquer  so 
that  a  mere  fraction  of  the  light  produced 
is  allowed  to  penetrate  through  the  screen 
and  carry  out  any  useful  purpose.  In 
interiors  we  see  old  and  wasteful  types  of 
lamps  still  employed,  or  lamps  used 
without  any  adequate  form  of  shade  or 
reflector,  throwing  a  large  part  of  the 
light  where  it  is  not  required. 

One  difficulty  which  one  meets  in 
making  economies  is  that  of  obtaining  a 
proper  supply  of  the  best  types  of  re- 
flectors. The  shortage  is  presumably 
due  largely  to  the  exceptional  demands 
of  munition  factories,  and  to  limitations 
in  manufacturing  facilities  or  material. 
Some  members  may  be  able  to  make  sug- 
gestions on  this  point.  It  may  be  that 
this  is  a  case  in  which  we  have  to  submit 
to  ])resent  inconveniences,  but  it  should 
be  clearly  understood  that  this  is  in  no 
sense  an  economy.  The  cost  of  in- 
stalling proper  lighting  appliances  is 
small  in  comparison  with  the  saving  over 
a  number  of  years  in  gas  or  electric  con- 
sumption, not  to  mention  the  effect  of 
unsatisfactory  lighting  on  the  output  and 
quality  of  work. 

Anything  that  can  be  done  to  en- 
courage the  development  of  lighting  ap- 
pliances of  which  we  are  lacking  would  be 
in  the  nature  of  an  investment,  since  the 
life  of  such  appliances  is  certainly  much 
in  excess  of  the  lamps  with  which  they 
are  used.  It  would  be  interesting  if 
makers  could  give  approximate  par- 
ticulars of  the  life  of  reflectors  of  various 


kinds  under  average  conditions  ;  if  thev 
would  state  what  can  and  is  being  done 
to  collect  and  renovate  reflectors,  which, 
on  account  of  surface  deterioration, 
would  otherwise  be  scrapped  ;  and  what 
other  available  materials  could  be 
suggested  from  which  useful  shades  for 
temporary  use  could  be  made. 

Assuming  the  need  for  economy,  we  are 
still  in  want  of  more  definite  information 
on  the  intensities  of  illumination  actually 
required  for  various  processes.  This 
point  was  discussed  at  the  time  of  the 
issue  of  the  Home  Office  Report,  and  it 
will  be  recalled  that  in  the  American  Code 
on  Factory  Lighting  a  rough  classification 
of  the  illumination  needed  for  safety  and 
convenience,  and  for  rough  and  fine 
manufacturing  operations,  was  attempted. 

So  far,  however,  there  has  not  been  an 
exhaustive  scientific  investigation,  based 
on  actual  results  achieved  with  varying 
amounts  of  illumination.  It  is  common 
knowledge  that,  with  the  introduction  of 
more  powerful  lamps  during  the  last  ten 
years,  the  standard  of  illumination  in 
interiors  has  steadily  risen.  There  is 
good  ground  for  thinking  that  this  pro- 
gressive change  is  well  justified,  and  that 
the  order  of  illumination  prevailing  in  the 
days  of  carbon  filament  electric  lamps 
and  flat  flame  gas  burners  was  often  too 
low  for  modern  strenuous  work.  In 
many  instances  it  was  certainly  under  a 
foot-candle. 

Yet,  from  the  standpoint  of  economy, 
it  would  be  very  important  to  determine 
the  approximate  upper  limits,  beyond 
which  no  gain  in  output  or  quality  of 
work  is  to  be  obtained.  A  most  in- 
structive experinient  is  being  conducted 
by  the  Commonwealth  Edison  Co.  in  the 
United  States.  A  factory  is  being 
lighted  in  accordance  with  the  best 
modern  practice,  and  arrangements  are 
being  made  for  increasing  at  will  the 
illumination  to  three  times  its  present 
value.  The  experiment  will  be  carried 
on  for  at  least  four  months,  the  two 
methods  of  lighting  being  used  alternately 
at  intervals  of  a  month,  and  a  careful  check 
of  the  output  and  quality  of  work  kept 
throughout  the  entire  period. 

Now  the  Committee  on  the  Health  of 
Munition  Workers  has  been  carrying  out 
many  detailed  investigations  into  the 
effect  on  output  in  munition  factories  of 
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changing  hours  of  work  ;  and  similar  re- 
searches undertaken  in  France,  and  des- 
cribed in  the  Chadwick  Lectures  recently 
delivered  by  Professor  William  Stirling, 
showed  beyond  doubt  that  if  the  hours  of 
work  are  increased  past  a  certain  point 
the  output  first  becomes  stationary  and 
ultimately  falls  off. 

Illuminating  engineering  in  relation  to 
factories  should  be  regarded  as  an  im- 
portant branch  of  the  admirable  "  Welfare 
Work  "  carried  out  under  the  Ministry  of 
Munitions,  with  which  it  has  much  in 
common.  From  the  commencement  of 
the  movement  we  have  regarded  illumina- 
tion as  a  necessity  in  modern  life,  and 
inquiry  into  its  proper  use  as  a  public 
service.  This  idea  was  emphasised  in 
the  closing  words  of  Professor  Silvanus 
Thompson's  Inaugural  Address  to  the 
Society  in  1909.  We  have  found,  too,  as 
those  engaged  in  the  Welfare  Movement 
have  found,  the  necessity  for  patient 
education  of  public  opinion  through  our 
meetings  and  through  the  scientific  and 
technical  press.  It  would  be  most  in- 
structive if,  while  detailed  investigations 
into  other  variations  in  conditions  affect- 
ing the  health  and  efficiency  of  munition 
workers  are  being  made,  the  influence  of 


to  minimising  the  danger  from  hostile 
aircraft. 

At  the  same  time  we  cannot  help  being 
conscious  that,  if  the  assistance  of  those 
who  have  made  a  study  of  illumination 
for  years  were  more  efiectively  utilised, 
it  might  be  possible  to  improve  on  the 
present  arrangements  in  many  respects — 
to  make  economies  that  would  be  very 
desirable  at  the  present  moment,  and  to 
provide  conditions  of  illumination  which, 
while  meeting  the  views  of  the  Authorities, 
would  make  the  streets  more  tolerable  for 
traffic  and  pedestrians. 

When  the  diminution  in  illumination 
was  first  undertaken  we  offered  our 
services  to  the  Authorities.  Subse- 
quently, early  in  1915,  a  Joint  Com- 
mittee was  formed  with  a  view  to  aiding 
the  Authorities  in  this  matter,  and  we 
are  still  anxious  to  be  of  assistance.  Two 
years  have  elapsed,  and  there  is  now 
opportunity  to  judge  the  effect  of  these 
lighting  conditions.  One  fact  that  has 
been  strikingly  brought  out  is  the  in- 
crease in  the  number  of  accidents  due  to 
motor  vehicles  which,  for  the  years  1913 
to  the  present  time,  were  stated  in  the 
House  of  Commons,  in  reply  to  a  ques- 
tion bv  Mr.  Gilbert,  to  be  as  follows  : 


Year. 

1913*      .. 

1914 

1915 

1916  to  Oct. 


Total  number  of  Fatal  Acci-  Total  number  of  Non-fatal 
dents  in  the  London  Metro-  Accidents  in  the  London  Metro- 
politan Police  District,  caused  politan  Police  District,  cau-ed  by 
hv  motor  vehicles  of  all  kinds.  motor  vehicles  of  all  kinds. 


31st 


424 
493 
666 
509 


13.153 
14,63S 
16.:{6() 
1 1  .Sl'T 


*Taken  from  the  Returns  on  Street  Accidents  caused  by  vehicles  durini;  1913.  presented  to 
the  House  of  Commons,  February  26th,  1914. 


changing  conditions  of  lighting  could  also 
be  studied. 

Lighting  Conditions  in  the  Streets. 

I  come  now  to  another  a  sped  of 
economy  in  lighting,  namely,  the  dimin- 
ished illumination  in  the  streets.  1  wish 
to  make  it  clear,  as  I  did  when  this 
matter  was  first  mentioned  at  the  opening 
meeting  of  the  Society  in  the  autumn  of 
1914,  that  we  are  all  willing  to  abide 
lovally  by  any  conditions  demanded  in 
the  interests  of  the  safety  of  the  country, 
and  I  do  not  mean  to  discuss  this  matter 
in  relation  to  precautions  which  the 
Authorities  consider  necessary  with  a  view 


In  an  Editorial  in  the  last  number  of 
the  lUuininatinq  Engineer*  it  is  pointed 
out  that  this  increase  has  taken  i)lare  in 
•spite  of  a  ntiniber  <»f  factors  which  should 
leiul  to  diuiinish  accidents,  such  as  the 
diminution  in  the  number  of  people  and 
vehicles  in  f  he  streets,  the  slower  sjieed  of 
traffic,  the  gn'ater  care  cxenised  by 
drivers  and  pedestrians,  and  the  ten- 
dcncv  to  greater  sobriety  since  the  out- 
break of  war. 

The  relation  b(>tween  diminished 
illumination  and  accidents,  therefore,  de- 
serves careful  study,  and  the  following 

♦  Uhiw'matinq  Engineer,  Nov.,  1916,  p.  334. 
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additional  information  would  furnish 
useful  data  for  drawing  conclusions  on 
this  matter  : — 

(1)  The  returns  of  the  accidents  during  each 
month  of  the  period  referred  to  above. 

(2)  The  respective  numbers  of  accidents  in 
each  month  during  the  day,  and  between  sunset 
and  sunrise. 

(3)  The  dates  at  which  furthei  restrictions  in 
lighting;  have  been  introduced. 

^4)  The  approximate  figures  for  the  number  of 
licenced  motor  vehicles,  tramcars,  &c.,  plying 
in  London  in  each  month. 

(.5)  The  dates  at  which  re.strictions,  if  any,  in 
the  speed  of  such  vehicles,  have  been  intro- 
duced. 

The  importance  of  the  matter  was 
emphasised  at  the  Conference  called  by 
the  London  General  Omnibus  Co.  on 
Friday,  December  1st,  with  a  view  to 
forming  a  "  Safety  First "  Campaign 
Council  for  the  Metropolitan  area.  Mr. 
Blain,  the  Operating  Manager  of  the 
London  General  Omnibus  Co.  and  the 
originator  of  the  Conference,  explains 
that  the  movement  had  its  origin  in  a 
general  desire  to  promote  safety  in  the 
streets  even  before  the  present  darkening 
took  place.  The  present  conditions,  how- 
ever, make  the  movement  especially 
welcome,  and  it  is  not  surprising  that 
at  the  meeting  most  of  the  speakers 
referred  to  the  anomalies  in  the  treatment 
of  lighting  in  different  districts. 

There  are  many  different  aspects  of  the 
subject  to  be  considered.  In  addition  to 
the  question  of  accidents,  there  is  the 
choice  of  methods  of  dimming  the  lights 
which  will  waste  as  little  gas  and  electri- 
city a  possible.  There  is  also  the 
question  of  accidents,  referred  to  above. 
And  there  is  also  the  very  important 
consideration  that  the  mere  slowing 
down  of  traffic  (in  some  streets  to  a 
walking  pace)  is,  especially  at  busy 
times  of  the  day,  a  great  economic  loss. 

The  recent  fog  in  London,  and  its 
attendant  inconveniences,  led  to  the 
lighting  conditions  being  much  discussed 
in  the  Press ;  and  many  suggestions, 
more  or  less  practicable,  have  been  made, 
for  example,  that  two  alternative  systems 
of  lighting  should  be  provided  so  that  in 
tlie  event  of  a  fog  the  illumination  can  be 
temporarily  increased,  the  provision  of 
special  red  lamps  on  refuges,  and  the  more 
general  whitening  of  the  kerbs  and  other 
obstacles. 

It  is  evident,  however,  that  the  greatest 


measure  for  the  safety  of  the  streets  would 
be  the  more  scientific  darkening  of  the 
lights.  One  undesirable  feature  of  the 
present  arrangements,  to  which  attention 
was  called  in  the  discussion  of  the  Society 
in  1914,  is  the  extreme  "  patchiness  "  and 
uneven  distribution  of  light,  giving  rise 
to  severe  contrasts  of  light  and  darkness. 
There  seems  reason  to  believe  that  this 
inconvenient  effect  has  not  been  de- 
liberately sought  for  any  purpose,  and 
that  it  is  merely  the  accidental  result  of 
the  crude  methods  of  shielding  the  lights 
now  being  employed.  One  of  the  first 
points  to  receive  attention  in  a  scientific 
inquiry  would  doubtless  be  the  elimina- 
tion of  these  severe  contrasts  in  light  and 
shade,  which  are  distracting  alike  to 
drivers  and  pedestrians,  and  are  probably 
not  desirable,  as  forming  distinct  marks 
on  the  roads  when  viewed  from  above. 
The  great  variety  in  method  prevailing 
in  different  districts  apparently  arises 
through  the  fact  that  a  number  of  differ- 
ent authorities  are  concerned  with  the 
matter,  whose  directions  are  often  more 
or  less  conflicting.  In  addition,  it  would 
appear  from  the  results  that  the  actual 
measures  taken  are  often  decided  by 
people  who  have  little  experience  of 
lighting  problems,  and  do  not  appreciate 
the  great  difference  in  convenience  occa- 
sioned by  apjiarently  small  variations  in 
procedure  in  dealing  with  public  lamps. 

At  the  commencement  of  this  address 
I  referred  to  the  many  unprecedented 
"  linking  up  "  measures,  many  of  which 
would  have,  been  considered  impracticable 
in  peace  time.  Now  that  the  darkening 
of  London  has  been  experienced  for  over 
two  years,  is  it  not  time  for  a  compre- 
hensive inquiry  to  be  made,  and  for  the 
establishment  of  a  central  authority  to 
deal  with  the  matter,  taking  into  account 
all  the  various  aspects  of  the  matter,  and 
bringing  about  greater  uniformity  in  the 
measures  taken  throughout  London  and 
possibly  throughout  the  entire  country  ? 
I  believe  that  in  this  way  it  would  be 
])ossible,  not  only  to  get  better  results 
from  the  standpoint  of  the  public  safety, 
but  to  make  a  very  considerable  saving 
in  gas  and  electric  consumption.  Many 
of  the  present  methods,  which  involve 
darkening  almost  the  entire  surface  of  the 
globe  of  a  powerful  lamp,  are  most  un- 
scientific    and     uneconomical,     and     at 
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present  there  is  apparently  no  body 
whose  duty  it  is  to  see  that  better 
methods  are  adopted. 

Gas  and  electric  supply  companies  are, 
to  a  great  extent,  tied  by  their  existing 
contracts,  and  neither  they  nor  the 
Borough  Councils  are  inclined  to  embark 
on  rearrangements  of  lighting  systems 
which  may  afterwards  be  vetoed.  They 
are  also  perplexed  by  their  efforts  to  meet 
the  wishes  of  various  authorities,  some  of 
whom  consider  the  interests  of  traffic, 
others  economy  in  lighting,  others  only 
precautions  against  hostile  aircraft,  but 
none  supplying  a  definite  specification 
stating  how  all  these  requirements  can  be 
most  economically  and  efficiently  met. 

Our  Society,  which  numbers  amongst 
its  members  engineers  concerned  with 
both  gas  and  electric  supply,  makers  of 
lighting  appliances,  and  experts  in  touch 
with  various  Government  Departments, 
and  which  has  made  a  special  study  of 
lighting  problems  and  the  compromise  be- 
tween different  aspects  of  lighting  which 
they  involve,  should  be  in  a  particularly 
favourable  position  to  give  assistance  in 
this  matter. 

Research  in  the  Lighting  Industry. 

In  the  final  section  of  my  address  I 
wish  to  pass  on  to  the  general  (juestion  of 
experimental  research  in  illumination. 
It  will  be  recalled  that  at  the  Annual 
Meeting  of  the  Society  last  i\Iay  the 
Research  Committee  presented  a  Report 
containing  a  list  of  investigations  with 
which  the  Society  might  usefully  occupy 
itself.  In  common  with  other  scientific 
bodies,  we  are  under  the  difficulty  at 
present  that  many  of  our  most  able 
members  are  devoting  their  time  to 
special  researches  for  the  Government! 
I  would  like  to  add  that  those  of  our 
members  who  arc  associated  with  Govern- 
ment Departments  have  shown  every 
desire  to  encourage  the  scientific  treat- 
ment of  ])robleins  relrtt<'d  to  o|)tics  jind 
illumination.  In  several  cases  efforts  ;it 
improvement  are  being  made,  and  if 
success  in  these  directions  is  attained  it 
will  be  very  largely  due  to  their  enter- 
prise. Apart  from  the  efTorts  of  indi- 
vidual members  in  such  directions,  two 
committees  of  the  Society  have  been 
formed  which  are  now  at  work  on  re- 
searches of  this  nature.     We  have  also 


formed  a  committee  to  consider  the 
cjuestion  of  illuminating  glassware. 

We  feel,  however,  that  we  have  still 
surplus  energy  to  devote  to  other  work 
of  industrial  importance.  I  have  re- 
ferred to  a  few  researches  of  value,  but 
there  are  mam'  others,  and  T  would  re- 
mind members  that  we  are  always  glad 
to  hear  suggestions  as  to  problems  that 
deserve  study. 

One  of  the  most  encouraging  signs 
during  the  past  two  years  has  been  the 
growing  recognition  of  the  need  for 
scientific  and  systematised  research,  and 
we  appear  now  to  have  reached  a  stage 
where  investigations  of  value  will  receive 
sympathetic  consideration  from  the 
Government,  which  is  in  a  much  better 
position  to  give  practical  support. 

The  formation  of  the  Committee  of  the 
Privy  Council  for  Scientific  and  Industrial 
Research  was  a  most  important  step, 
which  has  already  led  to  various  in- 
dustrial researches  being  undertaken. 
The  statement  made  by  Lord  Crewe 
before  the  deputation  from  the  Board  of 
Scientific  Societies  on  December  1st 
seems  to  open  the  way  for  much  greater 
developments.  Some  of  the  most  im- 
portant points  in  his  statement  are  : — 

(1)  Till-  conversion  of  the  Comniittw  on 
Scientific  and  Industri.nl  Research  into  a 
separate  I)e])artment,  established  by  I'oyal 
Charter  under  the  title  of  the  Imperial  Trust 
for  the  Encoiirajrement  of  Scientific  and  In 
dustrial  Research. 

(2)  The  allocation  to  the  Trust  of  a  irrant 
enabling  four  to  five  times  the  present  e,\- 
])enditure  on  research  to  be  made  during  the 
next  five  years. 

(3)  The  announcement  that  money  devoted 
by  firms  to  research,  under  certain  conditions, 
can  be  I'cgarded  as  '"  working  ex]K'nses."  and  is 
therefore  free  from  income  lax  and  exc««.s 
piodts  tax. 

It  seems  to  me,  therefore,  that  at  the 
))resent  moment  there  is  before  us  u  great 
opportiinitv  for  initiating  research  in  the 
ligliting  industry.  We  have  in  view  n 
number  of  specific  researches  with  wliidi 
to  ap])roach  the  .\uthorities. 

In  addition  to  tliis.  in  view  of  the 
magnitude  of  the  lighting  industry  wliich 
we  represent,  and  its  vast  national  im- 
])ortance,  there  seems  to  me  good  ground 
for  seeking  to  establish  some  liody.  work- 
ing in  co-o]ieration  with  the  Autliorities. 
and  having  for  its  aim  the  development 
of  the  industrv  as  a  whole. 
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We  see,  in  the  new  movement  for  the 
encouragement  of  research,  an  indication 
that  better  times  are  coming.  It  is  for 
us  to  grasp  the  opportunity  ;  for  mem- 
bers to  co-operate  with  us  in  undertaking 
researches,  in  interesting  others,  and 
spreading  the  movement  to  a  wider  circle  ; 


and  for  manufacturing  concerns  and  gas 
and  electric  supply  companies  to  recog- 
nise the  value  of  the  work  that  the 
Society  is  doing,  and  to  give  us  fuller 
support  in  order  that  we  may  do  greater 
things  in  the  future 


DISCUSSION. 


The  Chairman  then  called  upon  Mr.  H. 
E.  Blain,  Operating  Manager  of  the 
London  General  Omnibus  Co.,  to  open 
the  discussion. 

Mr.  H.  E.  Blaix  said  he  was  at  present 
very  much  concerned  with  the  Safety 
Campaign  which  had  recently  been  in- 
augurated for  London  and  from  that 
point  of  view  the  street  lighting  problem 
was  of  very  great  interest.  If  the  Society 
could  put  forward  some  scientific  sugges- 
tions for  the  consideration  of  those  dealing 
with  the  ■'  Safety  First  "  Campaign,  they 
would  be  exceedingly  useful.  The  whole 
difficulties  in  the  streets  at  present  were 
due  to  the  anomalies  to  be  found  in  differ- 
ent districts  for  the  street  lighting.  In 
some  places  there  was  practically  no 
lighting  at  all.  whilst  in  others  it  was  of 
comparatively  great  intensity  having  re- 
gard to  the  prevailing  conditions.  Cer- 
tainly there  was  considerable  room  for 
greater  science  in  dealing  with  the  problem 
as  a  factor  in  reducing  the  large  number 
of  fatal  accidents  that  were  now  taking 
place  in  the  streets. 

Mr.  F.  W.  WiLLCOX  stated :  There 
were  two  points  that  stood  out  in  his 
view  of  the  matter  of  the  present  street 
lighting  arrangements.  The  first  point 
was  the  question  of  the  control  of  the 
lighting  circuits.  The  present  street 
lighting  conditions  in  London  justified 
serious  criticism  in  the  apparent  neglect 
they  show  of  utilising  engineering  methods 
in  dealing  with  the  problem.  It  had 
always  seemed  to  him  that  some  method 
of  central  station  control  should  be  pro- 
vided so  that  the  lighting  could  be 
dimmed  when  it  was  necessary  to  dim  it 
and  could  be  maintained  at  full  brilliancy 
at  all  other  times.  Under  present 
arrangements,  the  streets  are  dark  at  3  or 
4  o'clock  in  the  afternoon  just  as  much  as 
they  are  at  midnight.     There  ceitainly 


is  no  military  necessity  for  the  lights  being 
darkened  in  the  afternoon  or  early  even- 
ing— the  time  of  the  day  when  there  is  a 
large  amount  of  traffic  and  business  re- 
quiring the  best  lighting  facilities.  If 
not  with  gas,  then  surely  with  electric 
lighting  (considering  the  readiness  with 
which  electric  current  can  be  controlled 
and  distributed)  it  should  have  been 
possible  to  have  provided  arrangements 
for  separate  circuits  of  supply  for  the 
street  lamps,  so  that  a  very  definite 
control  could  be  maintained  over  the 
lighting,  permitting  the  lights  to  be  ex- 
tinguished, dimmed  or  kept  at  full  power 
in  accordance  with  the  conditions  or  time 
of  the  day.  A  series  circuit  with  con- 
stant current  regulation,  of  the  pattern 
which  is  universally  employed  in  the 
United  States  and  Canada  for  street 
lighting,  would  have  made  it  a  simple 
matter  to  have  operated  separate  circuits 
of  street  lighting  lamps  of  low  or  high 
])Ower,  which  could  be  switched  on  from  a 
central  point  and  definitely  controlled 
therefrom  in  any  degree  of  dimness 
desired  at  any  time,  while  leaving  the 
full  brilliancy  of  the  lamps  available  for 
use  at  all  other  times.  If  on  no  other 
plan,  something  of  a  temporary  arrange- 
ment might  have  been  adopted,  employ- 
ing overhead  cables  or  wires  strung  on 
wooden  posts  placed  along  the  curbing 
for  low  candlepower  lamps,  connected  to 
and  regulated  from  the  central  station. 
Such  a  system  of "  marker "  lighting 
would  have  made  it  very  safe  for  street 
traffic  and  for  pedestrians. 

The  second  point  was  the  neglect  of 
scientific  methods  of  redistribution  of  the 
light  under  the  reduction  of  light  regu- 
lations. It  certainly  was  an  unfortunate 
omission  on  the  part  of  the  authorities 
not  to  utilise  the  aid  which  the  Illuminat- 
ing Engineering  Society  could  liavc 
offered  in  dealing  with  this  problem  of 
light  distribution.     Apparently  the  whole 
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problem  was  dealt  with  in  such  a  hurry 
and  in  the  expectation  that  the  war 
would  not  continue  for  a  long  period,  and 
that,  therefore,  any  arrangements  would 
only  be  temporary  and  need  not  be  dealt 
with  as  a  serious  and  definite  problem  in 
illumination.  The  failure  to  utilise  Illu- 
minating Engineering  principles  has  re- 
sulted in  a  very  unsatisfactory  condition 
of  illumination  as  everyone  knows.  The 
eye  is  an  adaptable  instrument  which  can 
work  satisfactorily  under  various  degrees 
of  illumination  so  long  as  the  illumination 
be  uniform.  The  main  problem  there- 
fore in  dimming  and  reducing  the  light  in 
the  streets  was  one  of  ensuring  uniformity 
of  light  with  the  reduction  of  intensity. 

If  this  had  been  done  (and  it  could  have 
been  done  with  any  real  engineering  con- 
sideration of  the  question)  the  dangers 
and  difficulties  of  street  travel  would  not 
have  been  seriously  increased.  It  is  the 
extreme  patchy  condition  of  lighting 
with  bright  spots,  alternating  with  abso- 
lutely black  spots,  glaring  lights  and  then 
intervals  of  absolute  darkness,  that  is  re- 
sponsible for  tlie  ])resent  troubles  with  the 
darkened  lights  of  London. 

He  would  not  attempt  to  labour  these 
points  further  but  only  desired  to  ]:)oint 
out  that  the  engineering  factors  involved 
in  the  question  of  proper  light  distribution 
arrangements  and  the  central  control  of 
the  lighting  were  well  known,  and  that  it 
was  merely  a  question  of  applying  such 
engineering  arrangements  and  adapta- 
tions to  the  solution  of  the  problem. 

Mr.  A.  CuxxiXGTOX  agreed  that  some- 
thing on  the  lines  suggested  by  Mr.  Will- 
cox  ought  to  be  done.  There  was  a 
simple  solution  of  the  difficulty  in  rlis- 
tiicts  where  the  lighting  had  been  re- 
duced bv  switching  out  every  alternate 
lamp  and  darkening  the  globes  of  those 
in  use.  In  such  cases  it  was  (piite 
feasible  to  fit  lower  candlepower  lamps  in 
the  globes  not  used,  and  to  switch  them  on 
in  emcrgen<y,  at  the  same  time  switching 
out  the  other  lamps. 

At  Waterloo  Station  that  scheme  had 
been  ad(»pted.  I'revious  to  the  war 
there  were  two  lamp  circuits  on  all  the 
])latforms,  but  duiing  the  war  they  had 
liad  to  cut  down  the  ordinary  lighting  to 
a  half  so  tliat  one  circuit  was  turiu>d  out. 
Recently  the  circuit  that  had  been  out  of 


use  had  been  equipped  with  low  candle- 
power  lamps  and  the  authorities  had 
given  permission  to  use  the  full  power 
lamps  at  ordinary  times,  provided  that 
these  were  switched  off  and  the  low 
candlepower  lamps  brought  into  use  when 
the  usual  message  came  through  that 
there  was  the  likelihood  of  an  air  raid. 
That  seemed  a  feasible  solution  of  the 
street  lighting  problem  wherever  lamps 
were  controlled  from  a  distance,  and  it 
would  not  be  difficult  or  costly  to  carry 
out. 

An  instance  that  came  under  his 
notice  recently  showed  what  economies 
could  be  made  by  the  use  of  blinds 
instead  of  permanently  darkening  win- 
dows. A  skylight  had  been  darkened 
early  in  the  war.  the  result  being  that  a 
large  amount  of  artificial  lighting  had  to 
be  used  during  the  daytime.  It  was 
found  that  by  cleaning  the  paint  off  the 
sk^dight  and  substituting  blinds,  the  cost 
of  the  blinds  was  counterbalanced  in  ten 
weeks  by  the  saving  in  artificial  lighting. 

A  question  just  touched  upon  by  Mr. 
Gaster  was  that  of  reflectors.  The  diffi- 
culty of  getting  them  just  now  had 
induced  him  to  consider  the  question  of 
renovating  old  reflectors.  On  the  South- 
western Kailway  they  had  adopted  ex- 
ten.sively  the  plan  of  coating  old  reflectors 
with  ordinary  white  enamel.  Measure- 
ments of  illumination  under  these  ren(»- 
vated  reflectors  showed  that  it  was  with- 
in a  few  per  cent,  of  the  illumination 
with  new  reflectors.  He  admitted  that 
they  did  not  last  so  long  as  new  ones  but 
as  an  emergency  device  it  was  worth 
considering. 

Mr.  S.  R.  Mri.LARD.  speaking  as  one 
engaged  in  munition  work,  suggested  that 
all  po.ssible  means  should  be  adopted  to 
impress  the  importance  of  good  lighting 
in  such  factories  upon  the  anfhorities. 

:\Ir.  M.  Wvi.o  (Borough  Kle.trica! 
Kngineer.  HanipsteatH  said  the  rea.son 
whv  the  street  lighting  had  been  dealt 
with  as  it  was  in  London  was  because 
local  authorities  wished  to  avoid  any 
possible  expense  at  the  present  time; 
He  agreed,  however,  that  the  present 
lighting  arrangements  in  London  were 
shameful.  In  the  fir.st  instance  the 
liahtinc  authorities  of  London  were  asked 
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to  attend  a  meeting  presided  over  by  Sir 
Edward  Henry  on  behalf  of  the  police 
and  the  Admiralty,  and  they  were  told 
that  they  would  receive  instructions 
from  the  Admiralty  through  the  police 
in  their  respective  areas.  These  instruc- 
tions had  to  be  carried  out  whether  the 
local  authorities  liked  them  or  not. 
He  had  had  constant  trouble  in  trying 
to  get  a  little  better  illumination  in 
various  parts  of  his  borough  where  it  was 
felt  to  be  really  necessary,  such  as  street 
corners  and  important  junctions,  but 
nearly  every  time  he  put  forward  any 
suggestion  the  police  inspector  in  charge 
of  his  district  said  that  it  was  against  the 
instructions  and  he  could  not  allow  any 
more  light. 

The  effect  of  the  Daylight  Saving  Act 
varied  very  much  in  different  parts  of 
the  country,  and  in  Hampstead  it  varied 
according  to  the  size  and  nature  of  the 
])remises.  He  had  divided  the  district 
into  four  sorts  of  premises,  from  large 
houses  to  small  flats,  and  the  average  of 
about  a  hundred  examples  showed  that  the 
accounts  varied  from  about  15  per  cent,  to 
32  per  cent.  At  the  same  time  he  could 
not  say  that  he  had  experienced  anything 
like  such  a  reduction  on  the  output  of  the 
station.  Indeed  the  output  had  only 
diminished  by  about  11  per  cent.,  due 
to  the  increase  in  the  heating  and  cooking 
load. 

The  wisdom  of  asking  consumers  to 
curtail  their  consumption  naturally  did 
not  appeal  to  him  as  a  supply  station 
engineer,  anxious  though  he  was  to  obey 
all  instructions. 

Whilst  he  did  put  out  a  notice  asking 
consumers  to  curtail  their  consumption, 
the  Gas  Company  put  a  very  ingenious 
notice  on  the  back  of  their  accounts 
suggesting  that  people  should  curtail 
their  lighting  consumption  but  increase 
their  total  consumption  by  using  more 
gas  for  heating  and  cooking. 

Mr.  J.  S.  Dow  endorsed  what  had  Ix-en 
said  regarding  the  need  for  eliminating 
waste  of  light,  rather  than  aiming  at  an 
indiscriminate  reduction. 

As  regards  street  lighting  no  one  with 
any  experience  of  lighting  problems 
could  help  being  struck  by  the  utter  lack 
of  scientific  method  illustrated  by  the 
present  conditions.     This  was  the  more 


regrettable  because,  even  before  the  war, 
there  was  available  a  considerable  amount 
of  data,  accumulated  in  connection  with 
the  inquiry  into  the  Standard  Street 
Lighting  Specification,  which  would  serve 
as  a  basis  for  a  minimum  standard  of 
illumination  essential  in  the  interests  of 
safety.  It  might  be  recalled  that  in  main 
streets  a  minimum  of  0'05  ft. -candles  was 
suggested,  in  side  streets  O'Ol  ft. -candles, 
and  in  country  roads  O'OOi  ft. -candles. 
At  jjresent  the  illumination  in  London 
streets  was  usually  unmeasurable  by  any 
ordinary  form  of  photometer.  Seeing  that 
the  brightness  of  moonlight  is  in  the 
neighbourhood  of  0*02  ft. -candles  it  was 
difficult  to  believe  that  a  minimum  value 
of  say,  0*005  ft. -candles  (i.e.  half  the  value 
assigned  to  side  streets  before  the  war) 
would  be  a  source  of  danger,  while  the 
preservation  of  even  such  a  value  as  this 
would  make  all  the  difference  to  the  con- 
venience of  traffic  and  pedestrians. 

While  the  measurement  of  such  low 
values  certainly  presented  difficulties  he 
thought  it  was  by  no  means  impracticable 
to  devise  a  rough-and-ready  form  of  test. 
No  doubt  the  Society  could  take  this  i;p 
if  there  were  a  prospect  that,  after  the 
work  was  done,  the  results  would  be 
utilised  by  the  authorities. 

The  same  divergence  in  practice  that 
characterised  street  lighting  was  also 
met  with  in  tramcars  and  motor  vehicles. 
In  some  cases  the  illumination  was  almost 
enough  to  read  by,  and  fares  could  be 
collected  without  very  great  difficulty. 
In  other  cases  it  was  impossible  in  some 
seats  to  see  a  coin  placed  between  the 
fingers.  Seeing  that  fares  were  collected 
somehow  this  illumination  might  appar- 
ently be  considered  "  sufficient  for  fares 
to  be  collected"  as  the  Order  stated. 
But  the  time  taken  by  conductors  in 
doing  so  was  very  much  increased,  and 
the  present  conditions  were  a  con- 
stant source  of  delay  and  irritation  to  all 
concerned.  He  believed  that  by  attack- 
ing the  problon  in  a  sci(?ntific  way, 
instead  of  merely  obscuring  the  lamps 
with  lacquer,  much  better  results  could  be 
secured. 

All  these  difficulties  arose  through  the 
fact  that  the  people  who  gave  instructions 
regarding  lighting  had  little  or  no  technical 
knowledge  of  the  problem.  A  central 
authority,    acting   under   expert   advice, 
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would  be  the  means  of  saving  a  great 
deal  of  inconvenience  and  economic  loss, 
and  of  securing  conditions  which  provided 
a  reasonable  margin  of  safety. 

In  conclusion  Mr.  Dow  read  a  passage 
from  the  Glossary  in  Eclipse  and  Empire, 
in  which  reference  was  made  to  the  work 
of  the  Society  and  the  need  for  develop- 
ment of  the  study  of  illumination  on  a 
much  greater  scale.  There  was  a  tre- 
mendous field  for  useful  investigation 
open  to  a  central  body  for  research  in 
illuminating  engineering,  such  as  Mr. 
Gaster  had  suggested  in  his  paper. 

Mr  L.  Ga.ster,  replying  to  the  dis- 
cussion, thanked  Mr  Blain  for  his  remarks 
and  announced  that,  in  response  to  the 
invitation  conveyed  to  the  Society 
through  Mr.  Blain,  a  representative  of 
the  Society  had  been  appointed  to  serve 
on  the  London  "  Safety  First "'  Council. 
In  connection  with  the  lighting  of  omni- 
busses  it  was  interesting  to  notice  that 
the  experiments  made  in  .several  cases 
promised  a  hopeful  solution  as  the  in- 
terior of  the  'busses  was  reasonably  well 
lighted  and  yet  the  light  was  prevented 
from  being  unduly  transmitted  into  the 
street. 

In  regard  to  the  street  lighting  he  was 
glad  to  see  that  those  who  had  joined  in 
the  discussion  agreed  that  the  present 
methods  were  unsatisfactory.  When  the 
alterations  in  lighting  were  first  carried 
out,  no  one  realised  that  the  war  would 
last  as  long  as  it  had  already  done,  and 
the  improvised  arrangements  were  re- 
garded as  purely  temporary.  But  now 
when  the  question  of  economy  and  safety 
had  become  of  such  importance,  it  was 
surely  desirable  to  profit  by  the  experi- 
ence of  the  past  two  years  and  to  devise 
methods  wliich  were  economical,  satis- 
factory   from    the    standpoint    of    ])r()- 


tection  against  aircraft,  and  adequate  in 
regard  to  traffic  and  safety.  There  was 
a  general  impression  that  the  amount  of 
illumination  in  the  streets  could  by  now 
be  increased  without  prejudice  to  the 
requirements  in  respect  of  air-raids,  but 
the  proper  distribution  of  the  light  was 
even  more  important. 

He  was  interested  in  the  suggestions  of 

CO 

Mr.  Willcox  and  Mr.  Cunnington.  The 
introduction  of  a  constant  current  system 
might  be  considered  a  too  radical  de- 
jjarture  at  the  present  time,  but  a  great 
deal  could  be  done,  even  on  existing 
circuits,  by  the  substitution  of  smaller 
lamj)s,  equipped  with  suitable  reflectors. 
Some  of  the  arrangements  adopted  by  the 
railways,  to  which  Mr.  Cunnington  had 
referred,  were  much  better  than  those  met 
with  in  the  streets. 

He  was  glad,  also,  to  have  ^Ir.  Wyld's 
experience,  as  a  Central  Station  Engineer, 
on  the  lighting  in  his  locality.  He  quite 
recognised  the  difficulties  of  inducing 
the  authorities  to  make  improvements  in 
the  present  circumstances  but  hoped  that 
Mr.  Wyld  would  persevere  in  his  efforts. 
He  believed,  however,  that  the  only  hope 
of  achieving  a  general  improvement  lay 
in  the  formation  of  a  central  controlling 
body,  acting  under  exjiert  advice,  on  the 
lines  he  had  suggested. 

The  Ch.'MR.max,  in  i)ro))osing  the  vote 
of  thanks  to  ^Ir  (i aster  for  his  address, 
said  he  would  like  to  couple  with  it  a 
reference  to  Mr  Gaster's  unfiagging  efforts 
on  behalf  of  the  Society  during  the  past 
year. 

It  was  announced  that  the  next  meet- 
ing would  be  held  in  .January  when  there 
would  1k'  a  discussion  on  "  The  Lumen  as 
a  Basis  of  Measurement  of  the  lllii- 
miiuiting  Power  of  liamps."" 


CENTRAL  CONTROL  OF  GAS  LIGHTING 
IN    EDINBURGH. 

On  November  ord  members  of  the 
Edinburgh  and  Leitli  Gas  Commissioners 
and  of  the  Edinburgh  Corjioration  Light- 
ing Committee  witnessed  some  experi- 
ments on  the  automatic  contiol  of  street 
lamps  in  a  section  of  Edinburgh  by  tlie 
Alder  and  Mackay  apparatus. 


At  a  coiirerfncc  lield  jilirr  tlic  in.'«p<'(  t  i<ih 
it  was  pointed  out  tliat  the  aju.licalion 
of  this  method  would  be  very  useful  as  a 
means  of  (|uick  diminution  or  extinction 
of  light  in  the  event  of  a  Zep]ielin  raid. 
In  addition  it  is  calculated  that  if  the 
system  were  applied  to  H.OOO  lamps  in 
Edinbnrgh  an  annual  saving  of  £2,500  to 
£3,000  would  be  nuide. 
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A    VISIT    TO    THE    UNIVERSITIES    OF    LIVERPOOL 
AND     MANCHESTER. 

(An  account  of  a  visit  to  the  Universities  of  Liverpool  and  Manchester,  and  to  various 
factories  in  the  locality,  bj'  the  Circle  of  Scientific,  Technical,  and  Trade  Journalists 
December  10th— 13th,  1910.) 


It  will  be  rocallod  that  in  previous 
issues  of  this  Journal  accounts  were  given 
of  the  visits  paid  by  the  Circle  of  Scientific, 
Technical,  and  Trade  .lournalists  to  the 
Imperial  College  of  Science,  London,  and 
subsequently  to  the  Universities  of  Leeds 
and  Sheffield.* 

A  similar  arrangement  was  next  made 
by  the  Universities  of  Liverpool  and 
Manchester,  who  invited  the  Circle,  as 
the  section  of  the  Institute  of  Journalists 
chiefly  interested  in  these  matters,  to  form 
a  party  to  visit  these  two  cities  on  De- 
cember 10th— 13th.  Throughout  their 
stay  the  party  were  the  guests  of  the 
Universities.  This  visit,  like  those  men- 
tioned above,  should  be  most  beneficial 
in  enabling  technical  and  scientific  journal- 
ists to  learn  sojuething  more  of  the  work 
carried  on  at  the  chief  educational  centres 
of  the  country,  and  to  co-operate  with 
them  in  bringing  about  a  fuller  public 
appreciation  of  the  benefits  of  technical 
education  and  scientific  and  industrial 
research. 

The  party  consisted  of : — Mr.  H.  Cooper 
{British  Medical  Journal),  Mr.  W.  R. 
Cooper  {Electrician),  Mr.  A.  T.  Dale 
{Plumber  and  Decorator,  &c.),  Mr.  K. 
Davis  {(Jhemical  Trade  Review  and 
Chemical  Enfjineer,  &c.),  Mr.  J.  S.  Dow, 
Mr.  L.  Gaster  *t  (Chairnum  of  the  Circle 
of  Scientific,  Technical,  and  Trade  Jouriial- 
ists),  Mr.  J.  L.  G reaves!  {Stationeri/ 
World,  &c.),  M)-.  A.  E.  Haviies  (Timher 
Trades  Journal,  &c.),  Mr.  V.  N.  Hasluck*^ 
(Hon.  Sec.  and  Treasurer  of  the  Circle  of 
Scientific,  Technical,  and  Trade  .louriuil- 
ists),  Mr.  A.  S.  Jenningsf  {Decorator. 
&c.),  Mr.  Bernard  Jones  %  {Buildhuj 
World,  &c.),  Mr.  H.  K.  Kemjje  [Electrical 
Revieiv),  Mr.  W.  Palmer  J  {Laundnj 
Journal),    Mr.    S.    C.    Phillipsf     {British 


Paper  Malvr.  &c.),  Mr.  H.  K.  l^hilpott 
{flhistnded  Carjienter  and  Builder).  Mr. 
S.  Rentell  { Elect riciti/).  Mr.  H.  Riciiardson 
{The  Etu/ineer),  Mr.  Chambers  Smith 
{Municipal  Enrjineerintj),  Mr.  Geo.  Spring- 
field *  (Mem.  Executive  Committee  of  the 
Inst,  of  Journalists),  and  Dr.  S.  A.  Vasev 
{The  Lancet). 

Among  those  who  expressed  their 
regret  at  being  unable  to  join  the  party 
owing  to  pressure  of  editorial  or  other 
duties,  &c.,  were  : — Mr.  E.  J.  P.  Benn 
{Hardwarentan,  &c.),  Mr.  C  Chisholm 
{System),  Mr.  Gilbert  Wood  {Architect 
and  Contract  Reporter),  Mr.  T.  C.  Elder 
(Engineering  Review),  Dr.  R.  A.  Gregory 
{Nature),  Mr.  Harold  .leans  {Iron  and 
Coal  Trades  Review),  Mr.  A.  J.  Mundella 
((.'hairman  of  the  London  District  of  the 
Inst,  of  Journalists),  Mr.  A.  E.  Pendred 
{T]>e  Engineer),  Mr.  J.  Meyjes  {Iron- 
monger), Mr.  W.  A.  Standring  {Motor 
Ci/clina  &c.),  Mr.  Sydin-y  Walton  (Welfare 
Dept.,  Ministrv  of  .Munitions  of  War), 
and  Mr.  H.  W.AVills  {The  Builder). 

Visit  to  Liverpool  University. 

The  i^arty  arrived  in  Liverpool  on  the 
evening  of  December  10th.  After  dinner 
there  was  a  reception  at  the  Adelphi 
Hotel,  where  Professor  Gonner  (the 
Deputy  Chairman  of  Senate  of  Liverpool 
University)  and  Mr.  Carey  (Registrar 
of  the  University)  welcomed  the  partv. 
I'rofessor  (toimer  expressed  the  regret  of 
the  Vice-Chancellor  at  being  unable  to  bo 
])resent  ow'ug  to  indisposition,  and  gave 
an  account  of  some  of  the  chief  features 
of  the  work  of  the  University  to  be 
visited  on  the  following  day. 


Ilium.  Kng.,  .June.  lOH).  ]).  204. 

Ilium.  Eng.,  October.  19 Ki.  pp.  :{14-:)22. 


*   Fellow  of  the  Institute  of  Journalists. 

I  Heprosentiny  the  British  Association  of 
Trade  and  Technical  .lournals. 

J  Member  of  the  Conunittei-  of  th<'  Circle  of 
Scientitic.  Technical,  and  Trade  .Journalists. 
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Addrrs.s  hi/  I'm/cs.sdf  J/crditiati  : 

On  arrival  at  the  University  on  Monday 
the  party  were  met  by  Professor  Herdman, 
who  also  expressed  the  regret  of  the  Vice- 
Chancellor  that  he  was  unable  to  be 
present  to  welcome  the  representatives  of 
the  Press.  At  the  University  they  all 
realised  the  great  need  for  making  their 
work  known  to  a  wider  circle ;  they 
welcomed  the  co-operation  of  jom-nalists 
in  this  direction,  and  hoped  that  such 
visits  would  be  the  means  of  2)romoting 
closer  bonds  between  the  Universities  of 
the  country  and  the  scientific  and 
technical  press. 

Proceeding,  Professor  Herdman  referred 
to  the  important  statement  made  by  Lord 
Crewe  to  the  deputation  from  the  Board 
of  Scientific  Societies  on  December  1st. 
Pure  and  applied  science  were  equally 
essential.  No  one  could  foresee  the 
ultimate  application  of  experimental 
work  in  pure  science  ;  and  many  of  the 
great  discoveries,  such  as  those  of  Davy, 
Faraday,  Galvani,  Oersted,  and  others, 
were  made  without  any  ulterior  motive 
or  hope  of  reward. 

In  the  Liverpool  University  both  pure 
and  applied  science  were  represented. 
In  addition,  much  of  the  work  was  of 
special  utility  to  a  great  shipping  and 
commercial  centre  like  Liverpool.  The 
School  of  Commerce  was  undertaken 
jointly  by  the  City  and  the  University, 
and  the  latter  had  organised  courses  of 
modern  languages,  including  Russian, 
and  a  department  for  the  study  of 
geography — a  subject  that  was  now 
recognised  to  have  great  commercial  im- 
portance. 

In  the  Engineering  Sections  a  great 
deal  of  work  was  being  done  for  various 
Government  Departments,  and  close  co- 
ordination was  maintained  between  the 
University  and  the  various  technical 
schools  in  the  district.  Courses  for  the 
training  of  munition  workers  had  been 
organised. 

In  another  direction,  medicine  and 
public  health,  the  University's  work 
was  of  considerable  importance  to  the 
City  of  Liverpool.  The  School  cf  Tropical 
Medicine  had  a  direct  bearing  on  the 
health  of  the  city,  in  view  of  the  constant 
arrival  and  departure  of  vessels  to  and 
from   tropical   countries,    by   which   the 


germs  of  disease  might  easily  be  spjead 
if  proper  precautions  were  not  taken. 
The  research  work  of  this  department  had 
been  of  great  benefit  to  pioneers  in 
tropical  districts,  destined  eventually  to 
become  the  home  of  the  white  man.  In 
the  bacteriological  departments  work  is 
also  being  done  for  the  city  in  connection 
with  the  testing  of  foodstuiTs,  shell-fish, 
&c.,  and  the  detection  of  anthrax  and 
other  diseases  of  animals,  and  this  labora- 
tory is  also  recognised  by  the  War  Office 
as  the  centre  for  Liverpool  and  the 
adjacent  district. 

Dr.  S.  R.  Vasey  {The  Lancet)  made  a 
few  remarks  on  behalf  of  the  visitors,  who, 
he  said,  were  gaining  a  valuable  insight 
into  the  work  of  the  leading  Universities — 
work  which  marked  the  dawn  of  a  new 
era  in  scientific  and  technical  education. 

Engineering  Departments : 

The  visitors  were  then  conducted  over 
the  Engineering  Dejjartment  of  the  Uni- 
versity. In  the  section  under  Mr.  J. 
Wemyss  Anderson,  attention  was  drawn 
to  a  series  of  experiments  on  belts,  the 
vibrations  of  reciprocating  engines,  and 
combined  stresses  in  steel.  There  is  also 
a  special  plant  for  researches  in  hydraulics, 
and  refrigeration  has  also  been  closely 
studied.  In  the  Mechanical  Engineering 
Department,  under  Professor  Watkinson, 
a  great  deal  of  special  work  for  the 
Ministry  of  Munitions  is  being  carried  on. 
This  includes  Lectures  on  the  Manufac- 
ture of  Shells,  the  Training  of  Munition 
Workers,  Preparation  of  Gauges  for 
Shells,  and  Tests  of  Materials,  such  as 
bronze,  copper,  and  steel.  It  was  par- 
ticularly interesting  to  notice  a  number 
of  men  in  khaki  being  trained  on  the 
premises  for  work  in  the  R.A.F.C. 

A  conference  is  now  being  held  at  the 
University  to  consider  technical  education 
in  the  district.  This  matter,  and  also 
the  question  of  research  in  connection  with 
new  types  of  machinery  and  new  pro- 
cesses of  interest  to  the  mercantile 
marine,  are  being  studied  in  connection 
with  the  needs  of  the  great  shipping 
industries  of  Liverpool. 

In  the  department  of  Applied  Elec- 
tricity under  Prof.  W.  E.  Marchant, 
the  visitors  had  their  attention  drawn  to 
other  researches  undertaken  for  Govern- 
ment departments  or  in  connection  with 
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iiidustiy.  Witli  tlie  cooperation  of  the 
Electrical  Engineer  to  the  Liverpool  Cor- 
poration a  series  of  tests  on  buried 
copjier-bitumen  cables  were  in  progress. 
We  understand  that  these  experiments 
are  to  continue  for  an  entire  year,  but 
alread}'  useful  data  regarding  the  current- 
carrying  capacity  of  such  cables  have 
been  obtained. 

Work  on  Magnet  Steels  is  being  done  in 
connection  with  the  Institution  of 
Electrical  Engineers  Research  Committee 
and  in  co-operation  with  Sir  Robert 
Hadfield,  a  point  of  special  interest  being 
the  bearing  of  such  researches  on  the 
steel  used  in  magnetos  for  aeroplanes. 

We  were  much  interested  to  see  the 
Globe  Photometer,  constructed  under 
Prof.  ^Iarchant"s  supervision,  in  operation. 
It  will  be  recalled  that  an  account  of  this 
apparatus  was  given  by  Prof.  ]\Iarchant 
in  his  paper  before  the  Illuminating 
Engineering  Society  in  1910.* 

Address  hy  Alderman  AIsop  {Chairman  of 
the  Liverpool  Education  Committee 
and  Pro -Chancellor  of  the  Liver- 
pool University). 

Following  this  inspection  the  visitors 
were  entertained  to  lunch  by  the  Univer- 
sity, Alderman  Alsop,  who  in  the  above 
functions  represented  both  the  University 
and  the  City  of  Liverpool,  presiding. 

Alderman  Alsop  gave  a  short  address 
expressing  a  welcome  to  the  visitors,  in 
the  course  of  which  he  showed  the  close 
relation  of  much  of  the  University's  work 
to  the  activities  of  Liverpool,  although  it 
had  also  a  wider  application. 

It  would  be  found  that  most  of  the  Uni- 
versities had  a  direct  bearing  on  local 
industries.  For  example,  Leeds  and 
Manchester  were  interested  in  textile 
manufacture,  while  Birmingham  and 
Sheffield  had  long  been  associated  with 
engineering.  In  liiverpool,  on  tli(^  other 
hand,  the  chief  interest  was  its  shipping 
trade  which  nuide  the  city  a  great  com- 
mercial centre.  The  University  had 
therefore  taken  up  such  subjects  as  the 
teaching  of  languages,  geography,  history, 
and  economics,  which  had  great  com- 
mercial importance. 

The  School  of  Tro])ical  Medicine,  again, 
had  been  a  great  aid  to  commerce,  for 

*  Ilium.  Evg.,  January.  1911. 


the  researches  of  the  School  had  made  it 
possible  for  white  men  to  open  up  and 
live  in  tropical  countries  without  undue 
loss  of  life  through  injury  and  disease. 
Chemistry  was  a  subject  of  great  indus- 
trial importance  in  view  of  the  many 
chemical  works  established  in  the 
vicinity  of  Liverpool,  though  not  in  the 
city  itself. 

While  meeting  all  these  requirements 
the  University  had  not  overlooked  its 
primary  function  of  providing  a  liberal 
education.  It  had  received  from  indi- 
vidual donors  endowments  to  the  value 
of  over  a  million  pounds  and  also  had  the 
support  of  the  Treasury  and  the  Board  of 
Education   and   the  City  Council. 

Mr.  Leon  Gaster,  in  responding  for  the 
visitors,  said  how  glad  they  all  were  to 
have  this  opportunity  of  learning  at  first 
hand  what  the  Universities  were  doing 
for  science  and  its  application  to  indu.stry. 
One  great  benefit  of  such  visits  was  the 
way  in  which  their  minds  were  opened  to 
the  practical  utility  of  the  most  diverse 
subjects.  Medicine  for  example,  which 
was  the  subject  of  special  study  in  Liver- 
pool, had  a  direct  relation  to  many  great 
engineering  triumphs,  an  instance  being 
the  great  services  which  medical  men  had 
rendered  in  connection  with  the  stamping 
out  of  malaria  during  the  building  of 
the  Panama  Canal. 

Professor  Herdman,  who  said  a  few 
words  of  welcome  on  behalf  of  the  Senate, 
also  drew  attention  to  the  clo.se  relation 
existing  between  the  work  of  the  Uni- 
versity and  the  life  of  the  City. 

In  the  afternoon  the  visitors  passed 
rapidly  through  other  departments  of  the 
University,  including  those  devoted  to 
geography,  tropical  medicine,  zoology, 
pathology  and  bacteriology,  and  organic 
chemistry. 

Geography,  as  .^^tudicd  at  the  Liverpool 
L^niversity,  is  a  more  complex  subject 
than  many  would  suppose.  Not  only  is 
map-making  (a  subjec  t  whose  importance 
has  been  very  vividly  illustrated  during 
the  })re.sent  war)  .studied,  but  the  j)hysical 
conditions  prevailing  in  different  sections 
of  the  globe,  and  the  relation  of  geo- 
graphical features  to  the  commercial  and 
historical  development  of  nations  arc 
considered  in  their  broadest  aspects. 
One  could  not  but  be  impressed  with  the 
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gieat    practical    value    of    the    subject 
treated  in  this  way. 

The  School  of  Tropica}  Medicine  : 

At  the  School  of  Tropical  Medicine, 
under  Professor  Stephens,  the  importance 
of  studying  climatic  conditions  in  differ- 
ent countries  was  again  illustrated.  Not 
only  are  researches  carried  out  on  the 
behaviour  of  the  microbes  of  malaria, 
sleeping  sickness,  and  other  tropical 
diseases,  but  the  life-history  of  the  para- 
sites which  are  responsible  for  their  dis- 
semination, and  the  conditions  of  vege- 
tation which  favour  the  development  of 
these  parasites  are  studied  in  detail. 
Equally  interesting  was  the  inspection  of 
a  department  in  which,  by  means  of 
models  and  specimens,  the  resemblance 
between  the  diseases  contracted  by  men 
and  animals  was  shown.  The  University 
possesses  a  School  of  Veterinary  Science, 
whose  work  has  been  of  distinct  value  to 
the  Military  Authorities,  and  the  sug- 
gestion was  thrown  out  that  the  organi- 
sation of  a  Hospital  for  the  Treatment  of 
Animal  Diseases  would  be  a  welcome 
addition.  In  view  of  its  commercial 
application  to  the  develojjment  of  live- 
stock as  well  as  its  bearing  on  human 
health,  such  an  enterprise  would  seem 
well  worth  consideration.  At  present, 
we  understand,  relatively  little  is  known 
about  the  origin  and  treatment  of  many 
diseases  from  which  animals  suffer,  and 
the  losses  involved  in  a  single  epidemic 
among  cattle  must  often  be  considerable. 

In  the  bacteriological  department  the 
researches  into  the  study  of  cases  of 
cerebrn-.spinal  fever,  dysentery,  typhoid, 
&c.,  have  a  direct  military  value,  and 
the  examination  of  foodstuffs  and  of 
animals  suspected  of  aiithrax,  tuberculo- 
sis, &c.,  have  an  obvious  relation  to 
])ublic  health. 

Lastly,  reference  should  be  made  to 
the  very  interesting  department  in  whieli 
researches  into  subjects  appertaining  to 
the  local  sea-fishery  industries  are  carried 
on.  An  interesting  feature  of  this  sec- 
tion of  the  work  is  the  well-equipped 
museum.  Reports  are  constantly  re- 
ceived from  the  local  stations  on  the 
estuary  of  the  Mersey.  This  is  another 
subject  on  which  comparatively  little  is 
known  at  present  and  there  are  many 
fields  for  promising  research. 


After  leaving  the  laboratories  the 
visitors  were  entertained  to  tea  at  the 
University  Club,  where  Professer  Gonner 
and  other  professors  were  present.  Mr. 
W.  R.  Cooper  expressed  the  thanks  of 
the  visitors,  and  Prof.  CTonner  said  a 
few  words  on  behalf  of  the  University. 

The  party  then  left  for  Manchester  by 
an  evening  train. 


Visit  to  Manchester  University. 

After  arrival  at  the  Midland  Hotel, 
the  A'ice-Chancellor  of  the  University, 
Sir  Henry  Miers,  and  Professor  H.  B. 
Dixon  welcomed  the  visitors  at  an 
evening  reception,  and  Mr.  C.  S.  Phillips 
said  a  few  words  in  reply. 
Address  by  Tice-ChancfUor  : 

The  party  were  addressed  at  the 
University  on  Tuesday  morning  by  Sir 
Henry  Miers,  who  traced  the  progress  of 
the  University  up  to  the  present  day. 
Originally  the  Owens  College,  the 
University  of  Manchester  now  forms  part 
of  the  Federal  Victoria  University.  In 
normal  times  there  are  about  1,600 
students,  but  during  the  war  the  number 
has  fallen  to  about  420.  Most  of  the 
departments  are  actively  engaged  on 
war  work,  the  testing  of  materials  being 
undertaken  in  the  Engineering  Depart- 
ment, while  in  the  chemical  laboratories 
there  are  constant  tests  on  explosive 
materials  and  on  the  products  from  neigh- 
bouring gas-works,  from  which  toluene  is 
extracted. 

Sir  Henry  Miers  also  expressed  his  con- 
viction of  the  importance  of  continuity 
in  research  in  pure  science,  as  well  as  the 
application  of  science  to  industry.  Since 
the  outbreak  of  war  many  steps  in  this 
direction  had  been  taken,  but  there  was 
still  need  of  arousing  amongst  the  manu- 
facturers of  the  country  a  keener  apprecia- 
tion of  the  benefits  of  industrial  research 
and  the  scientific  and  technical  Press 
could  render  most  valuable  service  in 
bringing  this  matter  to  their  notice. 

A  visit  was  then  paid,  under  the 
guidance  of  the  Librarian,  to  the  Christie 
Library,  whicli  now  comprises  about 
146,000  volumes.  The  Library  originated 
in  a  gift  to  the  University  of  a  collection 
by  Mr.  James  Heywood  in  1851.  and  since 
that  date  various  other  important  coUee- 
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tiouti,  including  that  of  the  latf  Mr.  R. 
C.  Christie,  formerly  professor  of  histor}' 
in  the  Owens  College,  who  also  be- 
queathed a  sum  of  £10,000  for  the  equip- 
ment of  the  Library. 

Visit  to  Chemistry,  Physics,  and  Medical 
Departments  : 

Subsequently  a  tour  was  made  through 
the  Chemistry,  Physics  and  Engineering 
Departments.  A  short  lecture  was 
delivered  in  the  Chemical  Department 
by  Prof.  H.  B.  Dixon,  who  gaA^e  an 
interesting  account  of  his  work  on  the 
structure  of  flames,  showing  a  number 
of  photographic  films  illustrating  the 
nature  of  flames  caused  by  explosions. 
An  experiment  on  picric  acid  demon- 
strated the  comparative  safety  of  this 
material  unless  a  detonating  ingredient 
was  present.  Professor  Sir  Ernest  Ruther- 
ford gave  an  account  of  the  work  carried 
on  in  the  Physics  Department,  referring 
particularly  to  the  testing  of  radium 
which  is  now  of  practical  importance  for 
many  special  purposes  as  an  ingredient  in 
luminous  paints.  In  passing  through  th^ 
laboratories  visitors  were  shown  a  very 
tine  example  of  the  arc  spectrum  of  iron, 
obtained  from  a  Rowland  grating.  In 
the  Medical  School  a  short  address  was 
given  by  Professor  Elliot  Smith  on  some 
of  his  work  on  shell-shock.  It  was 
explained  how  in  many  such  cases  the 
disturbed  state  of  nerves  and  mind  is 
not  due  to  the  el!ect  of  a  ])articular  shell 
but  the  cumulative  result  of  strain. 
The  condition  of  mind  of  a  patient  may 
be  aggravated  by  recollection  of  some 
disturbing  incident  in  his  childhood  ; 
such  an  impression  needs  to  be  removed 
by  the  sympathetic  and  patient  tjreatment 
of  the  physician,  who  endeavours  to  trace 
the  source  of  anxiety  and  to  show  that  it 
is  unfounded.  In  the  Electro-chemical 
De])artnient  the  visitors  were  shown  a 
magnesia  crucible  prepared  in  tlie  labora- 
tory. In  view  of  the  fact  that  magnesia 
melts  at  about  2800°  C.  the  production 
of  such  a  crucible  is  a  remarkable  feat. 
It  is  stated  that  the  industry  of  fused 
silica  was  originated  in  this  hiboratory. 
A  visit  to  the  Museum  completed  the 
morning's  programme. 

The  visitors  were  then  enteitained  to 
lunch  by  the  Mayor  of  >hinchester.  an 
interesting   incident   being  the   reception 


of  Lieutenant  (now  Captain)  Kelly,  who 
had  recently  been  awarded  the  V.C.  and 
was  present,  with  several  relatives,  at  the 
luncheon. 

In  an  address  to  the  visitors,  the  Mayor 
expressed  a  welcome  on  behalf  of  the  City, 
and  emphasised  the  importance  of  tech- 
nical education  and  research  to  the  nation. 
Mr.  L.  Gaster  responded  for  the  visitors. 

Mr.  J.  C.  Maxwell  Garnett,  Principal 
of  the  Municipal  School  of  Technology, 
then  gave  a  brief  account  of  the  equip- 
ment and  work  of  the  School,  which  was 
to  be  visited  in  the  afternoon. 

Address  by  Mr.  J.  ('.  Maxwell  Garnett : 

The  School  of  Technology,  Mr.  Garnett 
said,  was  founded  in  1821  as  the  Man- 
chester Mechanics  Institution,  but  had 
since  become  a  college  of  University  rank. 
The  present  buildings  were  completed  in 
1903,  and  the  annual  co.st  of  maintaining 
the  College  is  about  £50.000  :  this  sum 
would  have  been  much  greater  but  for 
the  generosity  of  industrial  firms  and 
private  persons  in  founding  .scholarshijis 
and  providing  etpiipment. 

One  function  of  the  School  is  to  provide 
a  university  training  suitable  for  men 
entering  industrial  em])loyment  and.  so 
far  as  concerns  this  department  of  its 
work,  the  School  is  essentially  a  part 
of  the  University  of  Manchester. 

For  some  vears  before  the  war  the 
demand  for  trained  students  was 
exceeded  by  the  supply,  and  after  the 
war  the  demand  is  likely  to  become 
greater  still.  The  future  of  the  engineer- 
ing and  other  industries  will  depend  in  no 
small  degree  upon  the  willingness  of  young 
Englishmen  to  subject  themselves  to 
mental  disci})line  and  undertake  the 
strenuous  study  involved  in  a  University 
course. 

The  conduct  of  industrial  rrseanh. 
for  the  most  part  in  co-operation  with 
firms  engaged  in  the  industries  of  South- 
East  Lancashire,  forms  an  important 
section  of  the  work  of  the  School  of 
Technologv.  \  notable  <-.\aniple  of  the 
new  attitiule  towards  research  is  furn- 
ished l)v  the  action  of  the  C!ov«Tning 
Hodv  of  the  School  in  providing  a  mimbfi 
of  r»'.search  .scholarships,  each  of  the  value 
of  £100  a  year  :  and  in  establishing  a 
new  department  for  ])Ost-graduafe  studv 
and    research    bearing    upon    tin-    nianu- 
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J'actuic  of  internK'diate  jjroducts  and 
finished  dyestufEs  from  coal  tar.  The 
Governing  Body  has  also  decided  to 
erect  new  laboratories  for  demonstration 
and  research  in  connection  with  internal 
combustion  engines,  and  engineering 
firms  in  the  neighbourhood  of  Man- 
chester have  promised  to  equip  the 
laboratories  with  engines  to  the  value  of 
£3,000. 

The  School  is  now  doing  important 
work  in  connection  with  the  war,  and 
there  is  hardly  a  department  that  is  not 
doing  work  for  the  Admiralty,  the  War 
Office,  the  Munitions  Inventions  Depart- 
ment, the  Board  of  Inventions,  the  Eoyal 
Aircraft  Factory,  the  Ministry  of  Muni- 
tions or  some  other  branch  of  the  Govern- 
ment. Research  work  is  in  progress  for 
others  of  the  Allied  Powers.  Machines 
of  a  new  type  have  been  designed  in  the 
laboratories  of  the  School  and  afterwards 
manufactured  on  a  large  scale  in  engineer- 
ing works  in  the  district  and  elsewhere. 
In  co-operation  with  a  Committee  of  the 
Manchester  Association  of  Engineers, 
important  experiments  on  tool-steel  have 
been  carried  out.  These  experiments  have 
already  resulted  in  a  considerable  saving 
of  steel  and  in  increasing  the  pace  at 
which  shells  and  other  munitions  can  be 
machined.  When  the  war  has  been  won 
the  country  will  recognise  how  greatly 
the  work  done  by  the  Universities  has 
contributed  to  victory.  Equally  important 
in  the  industrial  direction  are  the 
researches  made  possible  by  the  liberal 
grants  afforded  by  the  .\dvisory  Council 
to  the  Privy  Council  Committee  on 
Scientific  and  Industrial  Research. 

In  addition  to  the  university  cours«'s 
there  are  part-time  (mainly  evening) 
classes  conducted  for  those  who  are 
constantly  engaged  in  industrial  work. 
Professors  find  that  the  interc-hange  of 
views  with  such  men  is  of  great  benefit 
to  their  own  consulting  work,  in  kee])ing 
them  abreast  of  developments. 

The  buildings  and  most  of  the  equip- 
ment of  the  Sc-hool  of  Teclnu)logy  belong 
to  the  citizens  of  Manchester,  and  the 
School  has  thus  a  very  democratic  form 
of  government. 

In  conclusion,  Principal  Garnett  ex- 
pressed the  hope  that  the  visitors  would 
enjoy  their  visit  to  Manchester,  and  that 
the  visit  would  lead  to  still  closer  co- 


operation  between   the    Universities  and 
the  industries  of  the  c<juntry. 

Visit  to  the  Municipal  School  of  Tech- 
nology. 

During  the  afternoon  the  visitors  made 
a  rapid  inspection  of  the  various  depart- 
ments of  the  School  of  Technology. 
It  was  naturally  only  possible  to  survey 
the  arrangements  in  a  very  general 
maimer,  but  all  were  struck  by  the 
excellejit  equipment  and  the  very  varied 
nature  of  the  work  carried  on. 

The  electrical  and  engineering  plant 
is  probably  equal  to  that  of  any  other 
similar  institution  in  this  country.  The 
plant  supplies  the  entire  lighting  of  the 
building  and  power  can  be  quickly  and 
easily  obtained  for  research  in  any 
department.  In  the  electrical  labora- 
tories a  number  of  researches  were  being 
carried  on,  for  example  the  visitors  were 
shown  an  entire  room  devoted  to  high- 
tension  tests  on  various  insulating 
materials.  The  arrangements  in  the 
electrochemical  laboratory  were  also  very 
convenient,  such  devices  as  mechanical 
pulverisers  being  shown  in  operation. 
In  the  basement  tempered  steel  was  being 
produced  from  one  of  the  latest  gas 
furnaces,  the  temperature  being  con- 
trolled with  an  optical  pyrometer.  It 
was  stated  that  very  fine  results  from  this 
furnace  have  already  been  obtained. 

A  very  large  area  of  the  groimd  floor 
is  given  up  to  cotton-s])inning  and  paper- 
making  machinery.  In  the  former  section 
fabrics  have  been  manufactured  for  air- 
craft and  for  other  special  war  purposes. 
There  is  also  a  well-equijjped  department 
given  up  to  printing.  The  programme 
handed  to  the  visitors  on  arrival  was 
printed  on  the  premises  on  paper  pro- 
duced in  the  j)a])er-making  department, 
and  the  School  undertakes  the  preparation 
of  all  its  own  stationery  and  literature. 

In  the  chemical  department  research  on 
dyestuffs  is  carried  on,  and  visitors  were 
shown  a  new  insulating  material  obtained 
by  chlorinating  a  solution  of  rubber  in 
carbon  tetrachloride.  Experiments  on 
the  standardisation  of  rubber  products 
is  also  in  progress.  An  interesting  feature 
introduced  in  thr>  chemical  laboratories 
is  the  partitioning  off  of  a  section  of  the 
room  with  glass,  so  as  to  form  a  private 
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laboratory  for  the  staff.  In  the  case  of 
advanced  students  it  will  be  practicable 
for  the  staff  to  continue  their  own  experi- 
ments and  yet  to  be  able  to  get  in  touch 
at  once  with  any  student  in  the  main  room 
who  is  in  want  of  advice. 

There  are  two  lifts,  one  hydraulic  and 
one  electric — a  desirable  feature  in  such  a 
large  building. 

Tea  was  served  in  the  School,  after 
which  Mr.  Gaster  expressed  the  thanks 
of  the  visitors,  and  the  Vice-Principal 
briefly  replied. 

Dinner  and  Reception  at  MancJiester 
University. 

In  the  evening  the  visitors  were  invited 
to  a  dinner  and  reception  which  took 
place  at  the  University,  Sir  Henry  Miers, 
the  Vice-Chancellor,  presiding.  Councillor 
Simpson,  in  proposing  the  toast  of  the 
visitors,  mentioned  that  he  himself  under- 
took a  good  deal  of  journalistic  work, 
and  therefore  appreciated  the  services 
that  the  Press  could  render  to  science 
and  industry.  Mr.  Leon  Gaster  and  Mr. 
W.  R.  Cooper  responded  for  the  visitors, 
and  a  vote  of  thanks  on  their  behalf  was 
proposed  by  Mr.  H.  R.  Kempe.  Short 
addresses  were  also  delivered  by  the  Vice- 
Chancellor,  Professors  H.  B.  Dixon  and 
Sir  Ernest  Rutherford,  and  Mr.  J.  C.  M. 
Garnett  (Principal  of  the  School  of 
Technology).  All  expressed  the  hope  that 
through  such  visits  the  Press  and  the 
Universities  would  be  brought  into  closer 
relations  and  that  in  the  future  there 
would  be  opportunities  for  constant  inter- 
change of  views  in  order  that  new 
educational  developments  might  speedily 
become  known  to  the  )nanufa(tnrers  of 
the  country. 

The  dinner  was  followed  l)y  a  shoit 
musical  programme,  kindly  rendered  by 
some  of  the  students  of  the  Academy  of 
Music,  which  was  greatly  api)reciate(l  by 
the  visitors. 

Visits  to  Factories. 

Works  of  the  British  WcstitKjlKHi.se  Electrical 
and  Manufaciurituj  Co.,  Ltd. : 

On  Wednesday,  December  13th,  the 
morning  was  devoted  to  a  visit  to  the 
works  of  the  British  Westinghous<> 
Electrical  and  Manufacturing  Co.  In  the 
space  available  it  is  quite  impossible  to 
do  justice  to  the  scale  on  which  work  is 


carried  on.  Visitors  were  equally  im- 
pressed by  the  assembling  of  large 
generators  on  the  ground  floor,  the 
extensive  switch-gear  department  and 
the  assembling,  winding  and  testing  of  all 
sizes  of  transformers.  In  addition  to  the 
very  large  amount  of  electrical  work 
going  on  the  company  has  devoted  a 
section  of  the  works  to  the  manufacture 
of  large  calibre  shells,  for  which  a  number 
of  lathes  have  been  specially  designed 
and  manufactured  on  the  spot  since  the 
outbreak  of  war.  A  great  deal  of  fine 
work  is  also  being  done  on  shell-fuses  and 
other  parts. 

In  the  research  departments  tests  were 
in  progress  on  the  permeability  of  steels 
and  on  the  period  of  break  of  switches, 
the  arrangements  for  the  latter  experi- 
ments being  ])articularly  ingenious.  We 
were  informed  that  this  dejjartment  will 
be  considerably  extended  in  the  near 
future. 

One  of  the  most  interesting  features  of 
the  work  of  this  company  is  the  training 
of  employees,  on  which  a  short  address 
was  given  by  Mr.  A.  P.  M.  Fleming.  It 
will  be  recalled  that  Mr.  Fleming,  who  is 
an  authority  on  industrial  research  and 
the  training  of  apprentices,  gave  an 
address  on  this  subject  to  the  Circle 
earlier  in  the  3'ear.  Visitors  had  an 
op]>ortunity  of  seeing  how  his  ideas  are 
being  carried  into  o})eration.  One 
admirable  feature  of  the  training  is  that 
apprentices  are  not  required  to  attend 
classes  in  the  evening  after  a  hard  day's 
work  in  the  shops.  For  most  men  the 
assimilation  of  information  in  these 
circumstances  is  quite  impracticable. 
A  regular  course  of  instruction  is  given 
in  a  lecture  theatre  inside  the  works, 
and  during  working  hours.  The  relation 
lietween  theory  and  ])ractice  is  thus  v<'ry 
readily  shown,  and  the  men  so  trained 
can  rise  bv  degrees  to  the  highest  positions. 
The  Com|)any  is  already  reaping  the 
reward  of  their  enlightened  policy  in  this 
direction. 

The  Ford  Motor   Works  : 

\n  the  afternoon  a  visit  was  ])aid  to  the 
works  of  the  Ford  Motor  Co.  at  TratTord 
Park. 

The  feature  in  these  works  is  tlu' 
rcniarkabh"  way  in  which  every  element 
in  the  car  has  been  standardised,  and  the 
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liiuhlv    ingenious    and    coniiilete    use    of 
automatic  machinery. 

The  guiding  principle  adopted  is  for  the 
work  always  to  come  to  the  operators 
instead  of  the  latter  having  to  move  from 
place  to  place  on  their  job.  They  remain 
in  the  same  ])lace.  carry  out  the  same 
operations  day  by  day,  and  become 
experts  on  their  particular  process.  The 
cars  are  assembled  on  a  long  moving 
chain,  running  the  entire  length  of  the 
factory.  As  the  develojiing  car  gradually 
moves  along  each  part  is  added  at  tli<' 
appropriate  jioiut,  and  each  element  is 
tested  while  thi-.  work  is  in  progress. 
Thus  a<  one  point  the  motors  are  being 
placed  in  position.  A  little  further  the 
steering  apparatus  is  being  added.  Then 
the  mud-guards  are  seen  travelling  on  a 
subsidiary  chain,  being  coated  and  dried 
in  the  process  and  arriving  at  their 
ap])ropriate  stage  in  the  operation?. 
A  little  further  and  the  wheels  come 
hopping  down  a  gallery  running  cross- 
wise. Two  subsidiary  railways  feed  in 
the  hoods  and  fabric.  Finally  the  com- 
plete car  passes  out  into  the  yard  where 
some  ingeniously  devised  wheels  below 
the  pavement  set  the  engine  in  motion. 
The  driver  then  takes  its  place  and  the 
car  is  given  a  short  trial  run  round  the 
yard,  after  which,  in  the  great  majority 
of  cases,  it  is  ready  to  go  out.  Cars 
arrive  at  this  stage  at  intervals  of  about 


5  to  10  minutes,  and  as  many  as  150 
have  been  produced  in  a  day. 

Passing  through  the  works  one  was 
struck  by  the  very  orderly  way  in  which 
each  process  is  carried  out,  the  free 
space  round  each  machine,  and  the 
absence  of  "  dumps "  of  unutilised 
material.  The  repair  department  is 
organised  in  a  similar  way. 

At  the  conclusion  of  the  visit  a  short 
account  was  given  of  the  Welfare  Work 
of  the  firm,  which  has  many  unique 
features.  An  exceptionally  high  wage  is 
paid,  and  in  addition  workers  receive  a 
1  tonus  after  six  months  if  their  conduct 
during  this  period  has  been  exemplary. 
There  is  a  medical  department  on  the 
premises  to  which  any  injured  workman 
must  at  once  report  in  the  event  of  an 
accident.  A  careful  record  is  kept  of  each 
operators  health  and  inquiries  are  at 
once  instituted  if  he  fails  to  j)resent  him- 
self for  work. 

Such  care,  we  believe,  is  amply  repaid 
by  results. 

In  conclusion  it  only  remains  to  be  said 
that  everything  possible  was  done  to  make 
the  visit  enjoyable  and  instructive.  The 
party  returned  to  London  feeling  that 
they  had  witnessed  another  important 
section  of  the  valuable  work  being  done 
at  the  leading  Universities,  and  much 
impressed  by  the  great  commercial  and 
industrial  development  of  the  two  cities. 


EDUCATION     AND     DEMOCRACY. 

In  his  inaugural  address  to  the  Fifth 
Annual  Conference  of  the  Educational 
Association,  which  opened  on  .January 
2nd.  Mr.  A.  L.  Smith,  Master  of  Balliol, 
emphasised  three  important  reforms  in 
education,  namely,  the  continuation  of 
education  of  children  above  the  ages  of 
13  and  14,  the  need  for  improvement  in 
the  position  and  prospects  of  teachers, 
and  the  organisation  of  the  scholarship 
system. 


One  of  the  most  hopeful  signs  was  that 
an  interest  in  education  was  spreading 
to  the  working  classes.  Experience  showed 
that  better  workmen  were  secured  by 
education  than  by  setting  lads  to  work 
at  an  early  age.  If  we  were  to  repay  the 
sacrifices  of  the  Dominions  by  a  true  and 
closer  union  there  must  not  be,  in  this 
federation  of  democracies,  a  democracy 
profoundly  uneducated  at  the  centre, 
and  unless  we  made  proper  use  of  our 
opportunities  now  we  should  not  be, 
in  the  true  sense,  victors  in  this  war. 
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TOPICAL    AND    INDUSTRIAL    SECTION. 

—  •  •  •  •»- 

[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to 
this  Section,  and  are  open  to  receive  for  publication  particulars  of  interesting! 
installations,  new  developments  in  lamps,  flstures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  Is  included  Information  supplied  b^  the 
makers,  will,  it  is  hoped,  serve  as  a  guide  to  recent  commercial  developments,  and  we 
welcome  the  receipt  of  all  bona-fide  information  relating  thereto.] 


ANOTHER  MAZDA  REVOLVING 
SHADE. 

About  a  year  ago  The  British  Thomson- 
Houston  Co.,  Ltd.,  introduced  an  in- 
genious ad\ertising  novelt\"  in  the  form  of 
a  revolving  shade.  This  was  intended  for 
use  with  table,  desk  and  other  fittings  in 
which  the  lamp  holder  is  in  an  upright 
position.  When  the  lamp  was  switched 
on,  the  shade  rotated  owing  to  an  upward 
current  of  air  heated  by  the  lamp  im- 
pinging upon  a  fan  disc  attached  to  the 
upper  part  of  the  coned  shade  and 
j)ivoted  upon  the  tip  of  the  lamp.  This 
device  could  not,  of  coiu"se.  be  used  with 
pendant  lights,  but  the  Company  has 
now  produced  an  adaptation  of  the  de- 
sign that  permits  of  its  attachment  to 
plain  pendants. 

The  accompanying  illustration  shows 
the  appearance  of  the  shade  when  in 
position.  When  the  lamp  is  switched 
on,  it  illuminates  the  coloured  shade, 
which  immediately  commences  to  re- 
volve, the  effect  being  both  striking  and 
attractive.     If  the  adapted   pendant    hv 


U 

Fig.  1. 

Wire  frame,  1st 

position. 


placed  in  a  sunny  position,  its  shade  will 
rotate  during  the  hours  of  smilight  with- 
out the  lamp  being  lighted.  The  rapidity 
with  which  the  sliade  revolves  depends 
upon  the  velocity  of  the  heated  air  <ur- 
rent,  so  that  the  greater  the  wattage  ab- 
sorbed by  the  lamp  the  greater  the  speed 
attained. 

Readers  in  the  Trade  can  obtain  these 
shades  upon  ap])Iicatioii  to  the  Publicity 
Department,  The  British  Thomson- 
Houston  Co..  Ltd..  Mazda  House.  77, 
Upper  Thames  Street.  E.C.,  each  shade 
being  packed  in  a  cardboard  box  suitable 
for  sending  through  the  post. 


Kic.  2. 
Wire  i'rainc  reversed,  rc.uly 
to  receive  lamp  and  shade. 


.M.i/da  revolviiiji  sliad*. 
complete. 
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REVIEW    OF    BOOK. 

Journal  of  the  British  Science  Guild  {Nov. 
1916). 

The  Journal  of  the  British  Science 
Guild  for  November  last  contains  a 
number  of  interesting  items  including  a 
Memorandum  on  the  Relations  which 
should  exist  in  future  between  Science 
and  the  State,  a  Memorandum  on  the 
Encouragement  of  Teaching  and  Re- 
search in  Science  in  British  Universities, 
and  a  Report  on  Reforms  necessary  in 
National  Education. 

Attention  is  drawn  to  the  great  varia- 
tion in  the  average  salaries  of  Professor 
in  the  Faculty  of  Science  at  the  chief 
Universities  of  the  country.  Manchester 
and  Liverpool  come  first  with  £888  per 
annum  and  £85IJ  per  annum  respectively  ; 
while  Southampton  and  Aberystwyth 
come  last  with  only  £325  and  £.320  per 
annum.  The  remuneration  of  the  Pro- 
fessors and  facilities  for  instruction  in 
science  at  the  Universities  and  Colleges 
of    South    Wales    are    considered    quite 


inadequate,  and  these  institutions  are 
urgently  in  need  of  further  State 
assistance. 

Other  suggestions  are  : — ( 1 )  Tempor- 
ary and  Associate  Professorships  in  state- 
aided  Universities  should  cease  and  the 
title  of  "  Regius  Professor  "  involving  the 
status  and  privileges  of  Civil  Servants, 
binder  the  Crown,  should  be  conferred  on 
Professors  at  such  institutions.  (2)  The 
provision  of  an  adequate  scale  of  pensions 
for  Professors.  The  Report  on  National 
Education  is  concluded  by  a  long  list  of 
concrete  suggestions,  from  which  wc 
take  the  following  : — Employers  to  give 
reasonable  facilities  for  young  persons 
within  the  ages  of  14  and  17  to  attend 
suitably  equipped  Continuation  Schools 
for  at  least  six  hours  per  week  ;  "  Leav- 
ing Certificates  "  at  Primary  and  Second- 
ary Schools  to  be  instituted  ;  Fuller  co- 
ordination between  technical  institvxtioiis 
and  the  Universities  to  be  established  ; 
Improved  training  of  teachers  and  the 
placing  of  salaries,  superannuation 
schemes  and  conditions  of  tenure  on  a 
more  satisfactory  basis. 


LECTURES    ON    ILLUMINATING 
ENGINEERING. 

^V'e  understand  that  reprints  of  the 
lectures  on  Illuminating  Engineering 
recently  delivered  at  the  University  of 
Pennsylvania,  U.S.A.,  will  be  available 
early  in  the  present  year. 

It  is  anticipated  that  the  selling  price 
of  the  bound  volume  will  be  in  the 
neighbourhood  of  five  dollars. 

Applications  for  particulars  should  be 
addressed  to  Mr.  Clarence  L.  Law,  Irving 
Place  and  15th  Street,  New  York. 


UNIVERSITY  OF  ILLINOIS. 
New  Ceramic  Engineering  Building. 

We  notice  that  a  new  building  devoted 
to  Ceramic  Engineering  has  just  been 
opened  at  the  University  of  Illinois 
(U.S.A.). 

The  building  occupies  a  ground  area  of 
67  by  185  feet  and  costs  approximately  a 
quarter  of  a  million  dollars.  It  is  in- 
tended for  instruction  and  research  on 
such  materials  as  high  grade  brick,  tiles, 
terra-cotta,  cements,  glassware  and  sani- 
tary ware,  &c.,  which  form  a  very  con- 
siderable   American    industrv. 


Assets  exceed 
£2,500,000. 


Claims  paid 
over  £8,500,000. 


By  Appointment. 


GENERAL 

Accident  Fire  and  Life 
ASSURANCE    CORPORATION,   Ltd. 

General   Buildings,  Perth,  Scotland. 
General  Buildings,  Aldwych,  London. 

Established  1885. 


WAR    ECONOMY. 


In  consequence  of  the  War,  the  cost  of 
building  material  and  labour  lias  increased 
nearly  50  per  cent.  All  owners  of  property 
should  therefore  increase  their  Fire  Insur- 
ances ;  this  they-  can  do  at  little  or  no 
extra  cost  by  taking  a  P'irc  Bonus  Policy 
with  this  Corporation,  and  thus  effect  a 
saving  of  20  per  cent,    of  each    premium. 

Particulars  on  receipt  of  post  card  at 
cither  of  the  above  Offices. 

F.  NORIE-MILLER,  J. P. 

General  Manager. 
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Signature  
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being  dated,  forms  the  only  evidence  of  its  currency. 
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THEJ  EFFECT    OF    INDUSTRIAL    CON- 
DITIONS   ON    EYESIGHT. 

Bulletin  No.  1"),  issued  l)y  tiie  Com- 
mittee on  the  Health  of  Mvxnition  Workers, 
draws  attention  to  the  prevalence  of 
eye -trouble  among  munition  workers, 
leading  not  only  to  personal  suffering  and 
inconvenience,  but  to  serious  loss  of  time 
and  diminished  output.  Thus  in  the 
Coventry  and  Birmingham  district  alone 
it  is  estimated  that  500 — 700  days'  work 
are  lost  annually  through  such  defects. 

Among  the  causes  of  accidents  are  : — 

(1)  Injuries  due  to  exposure  to  intense 
heat  or  industrial  poisons. 

(2)  Accidents  due  to  flj-ing  particles,  &c. 

(3)  Eye-strain  due  to  uncorrected  errors 
of  refraction  or  other  causes. 

Attention  is  drawn  to  the  importance 
of  ascertaining  tliat  operators  engaged 
on  fine  work  have  sufficient  acuteness  of 
vision.  Instances  have  come  before  the 
Committee  of  headaches  and  eye -strain 
resulting  from  (a)  inadequate  light,  botli 
natural  and  artificial  ;  (b)  artificial  light 
adequate  in  amount  but  so  placed  as  to 
throw  a  glare  on  the  eyes  of  the  worker; 
and  (c)  employment  of  workers  (whose 
eyesight  is  aided  by  suitable  glasses)  to 
carry  out  fine  work  without  first  testing 
their  eyesight.  Eye-strain,  including  head- 
ache, may  be  one  manifestation  of  general 
fatigue  and  is  likely  to  become  marked 
when  long  hours  are  worked,  night  shifts 
are  necessary,  or  when  workers  are  under- 
nourished, ansemic,  or  of  ])oor  general 
jihysique. 

In  connection  with  the  effects  of  poor 
illiunination  it  is  remarked  : — 

■■  The  ligliting  of  factories  has  so 
rocentlv  been  dealt  with  in  detail  in  the 


Report  of  the  Committee  on  Lighting 
in  Factoi'ies  and  Worksliops  that  no 
further  referenc-e  is  here  needed.  But 
the  question  of  supervision  of  the  eye- 
sight of  workers  employed  on  fine  detail 
work  calls  for  special  cominent."  From 
one  factory  it  is  reported  that  "  in  con- 
trasting the  eye  conditions  found  in  the 
different  workshops  the  worst  effects  were 
found  in  the  fuse  department  where  the 
fine  process  involved  close  attention. 
Here  8  per  cent,  of  the  workers  had  been 
obliged  to  obtain  glasses  since  starting 
the  work,  12  per  cent,  found  sight 
difficult  at  night,  another  7  per  cent, 
complained  of  eye-strain,  and  2  per  cent, 
found  eje -strain  increasing  in  severity." 
The  Committee  emphasise  the  import- 
ance of  proper  examination  of  eyesight, 
the  prompt  reporting  of  small  injuries 
which,  if  not  treated,  may  develop  more 
seriously,  and,  where  flying  particles  of 
steel  or  other  metals  are  common,  the 
use  of  appropriate  ej^e-guards  or  goggles. 
A  sketch  of  a  suitable  type  of  goggles  is 
provided. 


"  Revue  Generate  de  I'Electricite." 

It  is  announced  that  from  January  1st 
onwards  La  Lumiere  electrique  and  La 
Revue  elrctrique  will  be  combined  in  one 
journal.  La  Revue  Generale  dr  V Elrxtri<iite, 
published  at  12,  Place  de  Laborde,  Paris. 

The  first  number  of  the  new  journal 
contains  an  editorial  summary  of  the 
programme  of  the  new  joiu-nal  from  the 
pen  of  Professor  A.  Blondel.  British 
readers  will  wisl)  the  new  joiirna!  every 
success. 
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